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ABSTRACT 


The  Bomarc  weapon  system  is  being  developed  for  the  defense  of  large 
areas  against  attacks  by  bomber",  and  cruise-type  missiles .  The  program  has 
advanced  to  the  point  where  the  IM-99A,  having  a  300-lb  warhead  capacity  is 
being  developed  from  the  prototype  model,  and  the  advanced  Bomarc  IM-99(  ) 
interceptor,  with  a  600-lb  warhead  capacity,  is  in  the  preliminary  design 
stage.  This  report  is  a  feasibility  and  design  study  of  warheads  suitable 
primarily  for  the  IM-99(  ),  althou^  recommendations  are  also  presented  for 
the  IM-99A. 


A  "frame-of-reference"  section  establishes  the  general  background  and 
assumptions  necessary  for  the  design  and  evaluation  of  the  various  warheads 
considered. 


New  preliminary  designs  are  presented  for  the  following  warhead  types: 
continuous  rod,  multiple -jet  shaped  charge,  spin  stabilized,  rocket-propelled 
submissile  (cluster  type),  and  a  guided,  rocket-propelled  subraissile  (cluster 
type).  These  are  evaluated  in  comparison  with  each  other,  with  fragmentation 
warheads,  and  with  the  T4iii  cluster  warhead  (unstabilized,  unpropelled,  spigot- 
ejected  subffiissiles) , 


Existing  fuzing  systems,  such  as  the  T-3010  and  the  T-3016  types,  are 
compared  with  proposed  infrared  fuzing  system*^ . 

Recommended  warhead-fuze  combinations  for  both  the  IM-99(  )  snd  the 
IM-99A  interceptors  are  as  follows: 


The  first  recommendation  is  for  a  continuous-rod  warhead  with  a  modified 
2onical-skirt  fuze.  This  combination  is  selected  because  of  the  high 
lethality  associated  with  large  root>mean-square  guidance  errors,  the  apparent 
reliability  of  the  system,  and  the  economy  of  production,  after  the  warhead 
has  been  developed. 


A  multiple-jet,  shaped-chiarge  warhead  with  a  modified  T-30i0  fuze  system 
is  recommended  as  second  choice  on  the  basis  of  lethality  estimates,  reliability, 
and  economy  of  production. 


It  is  believed  that  development  time  and  costs  would  be  lowest  for  the 
T-hJi  cluster  type,  since  the  background  and  experience  gained  by  Aircraft 
Armaments,  Incorporated,  could  be  utilized. 
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I,  INTRODUCTION 

The  Bomarc  weapon  system  is  being  developed  for  the  defense  of  large 
areas  against  attacks  by  bombers  and  cruise-type  missiles.  The  Bomarc  pro pam 
has  advanced  to  the  point  where  the  IM-99A,  with  limited  Service  capabilities, 
is  being  developed  from  the  experimental  model  configuration  and  has  provisions 
for  a  300-lb  warhead,  i^arhead  types  currently  under  development  for  this 
interceptor  include: 

T-33  fragmentation  warhead 
T-Ui  cluster  warhead 
Multiple-jet  shaped-charge  warhead 

The  advanced  Bomarc  IM-99(  )  interceptor  is  in  the  prelimi^^  design  and 
specification  stage.  This  interceptor  is  the  model  planned  for  eventu 
production  and  Service  use.  The  advanced  IM-99^  )  expected 

to  become  operational  during  the  period  of  I960  to  1962.  The  tune  scale 
for  the  development  of  a  suitable  warhead  for  this  interceptor  is  importent 
because  the  configuration  and  design  details  must  be  frozen  early  enough 
to  ensure  compatibility  with  tae  interceptor.  Since  the  Se^ce  for 
the  advanced  IM-99(  )  interceptor  ex'tends  well  beyond  the  1962  date,  the 
target  aircraft  against  which  it  may  be  employed  are  mostly  conjecti^ai. 

In  addition  lo  high-performance  manned  bombers,  potential  gargets 
include  cruise-type  guided  missiles.  The  obvious  unavailability  of  informa¬ 
tion  on  actual  tSget  vulnerability  precludes  accurate  or  coiifident 
of  warhead  types,  except  in  terms  of  present-day  a-'.^ai^ble  aircraft  ^arge  . 
Hence,  qualitative  considerations  are  important,  particularly  where  they 
relate  to  materials  and/or  structural  configurations  which  might  be  expected 

in  future  targets. 

A .  OBJECTIVES 

1,  This  feasibility  and  design  study  of  warheads  suitable  for 
the  advanced  Bomarc  M-99(  )  and  for  the  interim  tactical  ^marc  IM-99A  has 
been  conducted  under  Army  Ordnance  Contract  No.  DA-Oi;-ii95-ORD-6i7  in  accordance 
with  technical  directives  fron  the  Ballistic  Research  Laboratories,  Aberdeen 
Proving  Ground.  The  basic  objectives  of  this  study  program  may  be  summarized 

as  follows; 

a.  The  establishment  of  a  comparative  framework  involving 
technical  and  tactical  considerations  for  the  evaluation  of  amament  systems 
for  Bomarc  interceptors,  employing  as  much  quantitative  data  as  is  available 
or  may  be  justifiably  presumed, 

b.  An  investigation  of  the  significant  relationships 
between  the  design  requirements  of  the  interceptors  and  their  corapononts,  and 
the  requirements  rf  an  armement  system,  including  fuze  and  warhead,  to  yield 

maximum  lethality. 
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c.  A  study  and  analysis  of  the  design  mechanisms  and 

the  kinematics  of  achieving  damage  to  aircraft  targets,  including  the  terminal 
ballistic  effects  of  present,  developmental,  and  new  or  unconventional  types 
of  armament  systems, 

d.  The  preparation  of  a  summary  of  the  feasibility  and 
analysis  study  in  the  form  of  recemmendations  for  the  development  of  one  or^ 
more  armament  systems  which  the  evaluation  studies  show  are  the  most  promising, 

2.  The  accomplishment  of  these  objectives  is  modified  by  the 
interpretation  of,  and  data  in,  a  letter  from  the  Ballistic  Research  Laboratories 
(Reference  1),  This  directive  notes  that  the  advanced  Bomarc,  IM-99V  mter- 
centor  is  an  improved,  higher-perfomance  version  of  the  IM-99A  interceptor 
now  being  developed.  This  feasibility  study,  in  accordance  with  the  desire 
of  the  Air  Force,  is  concerned  primarily  with  the  study  and  recommendations 
of  armament  systems  which  are  optimal  for  the  advanced  Bomarc,  The  study 
is  conducted  in  such  terms,  however,  that  recommendations  of  armament  systems 
for  the  interim,  or  tactical,  IM-99A  Bomarc  may  be  also  made . 


B.  SCOPE 


1,  This  feasibility  and  design  study  is  concerned  with  the 
armament  system,  which  includes  the  warhead,  the  fuze,  and  the  safety  and 
arming  system  (S  and  A).  While  the  orimary  emphasis  is  on  the  warhead 
design  and  the  effectiveness  of  the  warhead  and  fuze  against  current  and 
possible  future  targets,  and  the  selection  of  a  compatible  fuzing  systm, 
the  study  is  also  concerned  vdth  the  armament  system's  relation  to,  ana 
integration  with,  the  remainder  of  the  Bomarc  interceptor.  Considerations 
affecting  the  warhead  designs  are  functional  and  physical ^compatibility  wi 
the  Bomarc  interceptor,  ground  handling  and  support  requirements,  reliability, 
development  requirements,  availability  and  product ion  potential,  and  cost. 

The  following  warhead  types  are  considered  in  this  investigation:  fragment  - 
tion,  external  blast,  cluster,  shaiied  charge,  and  continuous  rod. 


C  , 


These  concepts  are  presented  in  the  following  sections: 


ARMAMEM-  system,  frame  of  reference  —  This  section  presents  the  overall 
philosophy  of  the  study  and  shows  most  of  the  data  and  assumptions  used. 

WARHEAD  DESIGN  AND  LETIi/kUTY  ESTIMiTES  ~  Preliminary  designs  for  the 
continuous-rod  and  shaped-charge  warheads,  and  lethality  estimates  for  e®® 
as  well  as  the  cluster  and  frapientation  warheads  are  presented  in  this  section. 


WARHEAD  FUZING-SYSTEM  STUDIES  —  This  section  considers  the  effectiveness 
of  the'  T-3010,  T-3016,  and  infrared  types  of  fuzing,  and  in  addition  discunses 
the  effects  of  the  terminal  encounter-kinematics  on  the  fuzing  problems , 

SUMMARY  AND  RECOLIaENDATIONS  -  The  conclusions  of  the  study  are  presented 
in  this  section,  aixi  warhead  types  are  recommended  for  the  IM-99(  )  and  the 
IM-99A  interceptors. 


Page  2 


Report  No.  991 


II,  ARMil?.™  SYSM,  FRAME  OF  REFERENCE 

A ,  lOTRODUCTION 

The  following  "frame  of  reference"  discussion  serves  two  purposes; 
first,  to  define  the  overall  philosophy  of  the  design  study,  and  second,  to 
show  those  data  and  assumptions  regarding  the  interceptor  and  target  charac¬ 
teristics  which  are  required  as  input  data  for  the  design  and  feasibility 
study.  The  objectives  of  this  study  may  be  itemized  as  follows: 

1,  Development  of  the  design  principles  for  the  warhead, 
which  shall  reflect  the  operational  and  tactical  requirements  of  the  Bomarc 
weapon  system,  as  well  as  physical  and  functional  compatibility  with  the 

interceptor . 

2„  Establishment  of  the  warhead  lethality  requirements,  includ¬ 
ing  the  criteria  for  kill. 

3 ,  Discussion  of  the  capabilities  of  both  the  interceptor 
and  the  expected  aircraft  targets , 

B.  DESIGN  PRINCIPLES 

1.  The  design  of  the  IM-99(  )  interceptor  warhead  should 
consider  the  following  factors; 


Optimization  of  kill  probability  for  all  expected 


tactical  situations. 

b.  The  capability  of  functioning  under  peripheral  or 
extremely  difficult  conditions . 

c.  Continuing  groTrt-h  or  improvement  potential. 

d.  Functional  independence  of  the  armament  systan  from 
the  guidance  system  and  other  components  of  the  interceptor. 

2  The  limited  number  of  expected  encounters  against  an  enemy 
using  nuclear 'weapons  diminishes  the  reliability  of  elaborate  statistical 
Sthods  of  evaluation.  Therefore,  the  design  of  the  amaraent  system  must 
mSelucIes.  under  those  conditions  normuUy  considered  as  a  statxstrcal 

minority  * 

3  No  feature  of  the  design  should  be  so  limited  or  established 
that  continuing  advances  in  the  state  of  the  art  will  cause  obsolescence  and 
require  comolete  redesign  of  the  entire  system  in  order  to  improve  performance, 
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lie  Functional  compatibility  is  desirable,  and  is  dependent  on 
the  following  aspects  of  the  weapons  systems 

Airframe  performance 

Target  seeker  performance 

Interceptor  and  target  tracking  capability 

Interceptor  command  control  capability 

The  tactical  considerations  determine  the  spatial  distribution 
of  attack  directions  and  miss  distances,  and  thereby  contribute -to  the  evalua¬ 
tion  of  the  effectiveness  of  the  warhead.  Optimum  warheads  for  ill-around, 
tail-only,  or  head-on-only  directions  of  approaching  the  target  may  be  con¬ 
siderably  different.  Furthermore,  the  direction  of  approach  may  greatly  affect 
the  design  and  performance  of  the  required  fuze.  The  scope  of  the  present 
study  does  not  uerrait  a  detailed  tactical  analysis.  Therefore,  it  is  assume 
that  the  warhead  shall  be  designed  for  attacking  the  target  from  any  direction. 


C.  WARHEAD  LETHALITY  SSTBiATES 


1,  The  USAF  directive  to  OCO  to  conduct  this  study  specified 
that  the  warhead  for  the  advanced  Bomarc  IM-99{  )  interceptor  is  to  have  a 
K-kill  probability  of  between  0.5  and  0.9,  assuming  a  normal  distribution 
of  miss  distances  with  a  dispersion  of  0^  =  60  ft  in  any  one  dimension  nonnal 

to  the  trajectory. 


2.  Since  the  earliest  anticipated  operational  date  for  the 
)  is  i960,  it  is  reasonable  to  exclude  from  the  likely  targets  all 
hostile  aircraft  types  which  may  be  presumed  obsolescent  by  this  time  or 
shortly  thereafter.  By  that  time,  the  employment  of  such  aircraft  as  the 
B-29  and  the  B-50,  with  their  low  speeds  and  limited  ceilings,  for  inter- 
continental  attacks  is  improbable.  While  aircraft  of  these  slow  types  cannot 
be  entirely  omitted  from  consideration,  the  emphasis  should  be  placed  upon 
high-speed  targets  which  may  be  considered  likely,  either  from  available 
intelli°-ence  data  or  on  the  basis  of  American  development  planning.  In  other 
words,  the  warhead  for  the  IM-99(  )  should  be  designed  for  best  effectiveness 
in  achieving  K-kills  of  knovm  or  anticipated  aircraft  types  which  may  be  in 
service  after  i960.  However,  the  absence  of  quantitative  lethality  estimates 
on  advanced  targets  precludes  complete  adherence  to  this  approach.  Nevertheless, 
the  capability  of  a  warhead  to  successfully  attack  advanced  structural  designs 
and  materials  will  be  stressed  in  the  subsequent  evaluation. 


3 ,  The  criteria  for  evaluation  of  a  K-kill  has  been  the  subject 
of  considerable  controversy.  Reference  19  defines  a  ''K-kill'' 
kill  of  the  aircraft,  but  not  1®.'“'  Sometimes  defined  as^  the  aircraft  fa  1 
or  goes  out  of  control  within  thirty  seconds.'"  It  is  universally  agreed  that 
the  infliction  of  structural  damage  is  a  kill  when  the  damage  is  so  severe  tha 
the  aircraft  breaks  up,  or  that  sufficient  wing  or  tail  surface  is  removed  so 
Jhat  conSol  of  the  aircraft  is  irrevocably  lost.  The  following  factors  that 
have  the  possibility  of  producing  a  K-kill  have  been  excluded  from  the  presen 
evaluation  as  a  result  of  the  conference  of  17  January  1955  at  BRL: 


'“KK  —  Immediate  disintegration  of  the  aircraft  (e.g„  the  kill  required  to 
stop  a  Kamikaze-type  Page  h 
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a .  The  loss  of  all  engines  without  specifically  assessing 
associated  structural  damage.  This  might  be  assumed  sufficient  to  constitute 
a  K-killj  hovrever,  the  17  January  conference  imposed  the  requirement  that,  a 
simultaneous  structural  kill  be  obtained.  Therefore,  engine  K-kills  are 
considered  only  from  a  "bonus"  viewpoint. 

b.  The  effective  loss  of  the  flight  crew  by  killing  or 
incapacitation.  As  directed  by  the  17  January  conference*  this  is  also 
considered  only  from  a  "bonus"  vie'wpoint, 

c.  Possible  detonation  of  the  target's  payload. 


D .  INTERC3PTCE  CAPABILITIES 

1  The  capabilities  of  the  BI-99(  )  affecting  the  warhead 
deslpn  are  tentatlTCly  specified  in  Reference  2,  A  s»ry  of  the  missile 
performance  objectives  for  the  IH-99A  and  the  ni-99(  )  is  given  in  the 
following  table; 


Parameter 


liissile  range 
Missile  speed 
tlissile  altitude 
Target  altitude 
Target  speed 
Target  maneuverability 


IM-99A 

Objectives 


IM-99(  ) 

Objectives 


12$  nautical  miles 
Up  to  Ikiach  2 .7 
60,000  ft 
5000  to  60,000  ft 
Up  to  Mach  1.3 
Up  to  2.0  g  lift 


250  nautical  miles 
Up  to  Mach  2,7 
80,000  ft 
0  to  80,000  ft 
Up  to  Mach  2,5 
Up  to  2,0  g  lift 


2.  The  ANA)PN-3li  pulse-type  radar  seeker  is  being  considered 
as  one  radar  type  for  use  in  the  B.I-99A  interceptor,  ^fith  this  radar,  the 
presence  of  ground  clutter  may  limit  the  acquisition  range  of  the  seeker 
to  a  value  less  than  the  missile  altitude  above  the  terrain.  Errors 
altHude  detemination  and  In  range-gating  may  also  limit  the  minimum  altitude 
capability  of  the  system.  The  pulse-typ  radar  range-gating  method  may  ce 
refined  in  the  future  to  reduce  the  minimum  altitude  limitation.  A1  , 

Doppler  or  continuous-wave  types  of  radar,  vvhich  are  currently  un 
3  may  ultimiately  eliminate  such  a  limitation  by  velocity  discrnmnation. 
Since  the  terminal-phase  navigation  depends  only  upon  the  rate  of  anplar 
rrtSicn  ortoe  missile-to-target  sight  line,  radar  seekers  of  this  type  are 
satisfactory  for  homing.  These  advanced  radar  systems  will  be  unable  to 
furnish  range  information  for  fuzing, 

3  The  estimated  root-niean-square  miss-distance  dispersions  ^ 
are  35  ft  for  a  non-maneuvering  target  snd  60  ft  for  an  effectively  maneuv  ring 
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Frame  of  Reference,  D  (cont,) 


target  capable  of  2  g  maximum  acceleration.  The  effect  of  electronic  counter 
measures  vfhich  would  increase  the  ms  miss  distance  will  be  neglected  in 
quantitative  discussions  in  this  study.  However,  the  effectiveness  of  the 
warhead  as  the  ms  miss  distance  increases  will  be  a  primary  parameter  in 
the  investigation  of  the  perfomance  of  the  amament  system. 


li.  The  angle  of  dive  of  the  missile  trajectory  at  the  moment 
of  interceotion  of  the  target  is  influenced  by  the  missile  speed  and  the  tme 
of  initiation  of  dive,  the  target  speed  and  altitude,  the  missile  dive  doctrine 
used,  and.  to  some  extent,  by  the  geographical  framework  in  which  the  inter¬ 
ception  may  take  place .  These  variables,  in  different  comba.nations,  and 
with  the  assumption  of  a  maneuvering  target,  result  in  random  missile-to- 
target  aporoach  angles ,  It  is  considered  reasonable  to  assume  for  the 
present  that  all  approach  angles  in  the  upper  hemisphere  of  the  terget  are 
equally  likely.  Attacks  from  below  are  conceivable,  but  improbable.  A 
t^icai  plot  of  altitude  and  tech  number  vs  time  for  the  teminal-dive  phase 
is  shown  in  Figure  1.  This  information  may  be  converted  into  interceptor 
speed  vs  altitude,  as  shown  in  Figure  2.  In  view  of  the  fact  ttet  the 
variables  of  the  attack  cannot  be  uniquely  resolved,  at  least  within  the 
scope  of  this  study,  the  following  assumption  is  made:  The  Bomarc  Ilvi-99^ 
missile  can  fly  at  any  speed  between  1000  ft/sec  and  2^00  ft/sec  at  any 
altitude  from  sea  level  to  80,000  ft,  so  long  as  the  maximum  flight  angle 
of  attack  is  not  exceeded. 


) 


The  angle  of  attack  vs  altitude  for  a  7-.g  maneuver  is  shown 
in  Figure  3,  based  upon  estimated  data  informally  supplied  by  the  Boeing 
Airplane  Company.  The  flight  angle  of  attack  can  vary  from  about  1.6  to  25  . 
This  may  have  some  effect  on  the  fuzing  and  teminal  kinematics  of  certain 
types  of  warheads,  such  as  the  cluster  and  shaped-charge  types, 

E.  AIRCRAFT  TARGET  CAPABILITIES  AND  VULNERABILITY 


1,  The  target  speed,  altitude,  and  maneuvering  capabilities 
upon  which  the  warhead  for  the  IM-99(  )  missile  is  based  are  shovTO  in  Figure  U . 

2,  Potential  targets  which  should  be  considered  include  high- 
al.titude,  fast  bcanbers  with  decoys,  and  also  a  range  of  smaller  guided 
missiles  such  as  the  Snark-type  missiles  and  other  high-performance  Navajo- 
type  missiles  to  be  subsequently  developed, 

3 ,  The  terminal-ballistic  performance  of  the  •'warhead  for  the 
advanced  Bomarc  is  dependent  upon  the  interaction  of  a  subprojectile  of  some 
type  ’fith  the  target  aircraft,  since  the  interceptor  guidance  errors  are 
sufficiently  large  so  that  the  possibility  of  a  collision  is  small,  Tliis 
generalized  subprojectile  may  be  a  solid  fragment,  a  continuous  rod,  or  a 
small,  unguided,  cased  and  fuzed,  high-explosive  charge,  possibly  vfith  its 
individual  propulsion  system. 
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U.  Although  vulnerability  data  are  quite  meager,  even  for 
American  banbers  which  may  become  operational  by  1960,^ and  must  be  assumed 
for  current  hostile  aircraft,  as  well  as  for  both  American  and  hostile  air¬ 
craft  to  be  used  after  I960,  certain  principles  are  fiindameiital  to  the 
design  of  high-performance,  high-speed  aircraft.  For  example,  the  wept- 
wing  design  imposes  high  torque  loads  on  the  v^ing,  vrhich  dictates 
of  a  thick-skin  box  structure.  In  order  to  conserve  weight,  a  high-strengtn 
alloy  must  be  used.  Therefore,  it  is  reasonable  to  assume  that  materials 
such  as  7075-T  aluminum  in  rather  thick  sections  will  be  encountered  for  some 
time  to  come.  It  is  also  conceivable  that  other  structural  materials, 
possibly  titanium,  may  come  into  common  use  in  the  period  after  190U. 

Accordingly,  it  is  believed  that  the  warhead  evaluation 
should  take  into  account  the  ability  of  a  warhead  type  to  attack  successful^ 
such  structural  designs  and  materials  as  may  be  expected  for  the  period  after 
i960.  However,  it  is  not  always  possible  to  present  such  an  evaluation 
statistically  by  assigning  a  value  of  kill  probability. 

F,  SPECIFICATION  OF  DESIGN  RSQUIREIuIENTS 

1  Physical  and  general  functional  compatibility  of  the  advanced 
warhead  and  the  Service  model  of  the  BI-99(  )  are  assured  if  the  following 
overall  design  requirements  and  limitations  are  adopted: 

a.  The  maximum  weight  allovrable  for  the  B/l-99(  )  warhead 
assembly,  including  the  fuze  computer,  arming  and  safetying  devices,  and 
booster  and  auxiliary  separators  shall  not  exceed_600  lb.  This  limitation 
is  in  accordance  vdth  the  preliminary  design  specifications  of  the  Bi-9 A  ) 
project  group  of  the  Boeing  Airplane  Company,  as  approved  BRL  and 

the  USAF.  For  the  B1-99A,  the  maximum  weight  shall  not  exceed  30G  io. 

b«  The  maximum  diameter  of  a  unit  warhead  assembly  shall 
be  less  than  35  in.  by  the  minimum  amount  required  to  provide  clearance  for 
the  aircraft  structure  through  the  warhead  compartment.  It  is  planned  to 
formulate  the  preliminary  design  studies  on  the  basis  of  a  30-in.  maximum 
diameter  of  the  warhead  assembly,  thus  providing  a  2,5-in.  annular  space 
for  structural  clearance  and  attachments, 

c.  The  maximum  length  of  a  unit  warhead  assembly  shall 
not  exceed  35  in.  This  maximum  length  is  based  upon  estimated  size  data  for 
an  alternative  warhead  which  may  be  provided  for  certain  interceptors.  The 
Boeincr  Airplane  Company  considers  it  desirable  to  reduce  this  maximum  length 
to  30°in.  for  the  IM-99(  )  if  possible.  For  the  IM-99A,  the  maximum  length 

shall  not  exceed  17  in,* 

*InformatioiiTs  of  June  1955.  It  is  possible  that  the  space  allowed  for  the 
warhead  in  the  IM-99A  may  change  as  the  design  progresses. 
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d.  Variable  input  data  for  determination  of  the  warhead 
firing  instant  in  the  fuze  computer  shall  be  limited  to,  but  not  necessarily 
employ,  the  following: 

(1)  The  instantaneous  altitude  of  the  Boniarc,  v;ith 
an  error  of  not  more  than  about  ^QOQ  or  6000  ft, 

(2)  The  instantaneous  airspeed  of  the  Bomarc,  v^ith 

an  error  of  not  more  than  $  to  (This  may  be  provided  in  terns  of  an 

expected  average  speed  for  a  measured  altitude,) 

(3)  Target-to-missile  range  closure  rate,  available 
for  Bomarc  seekers  but  with  some  susceptibility  to  electronic  countermeasures. 

(li)  Target-to-raissile  range,  available  only  from 
early  seeker  types  with  a  high  susceptibility  to  electronic  countemeasures . 

If  the  target  speed  and  altitude  are  even  approximately  known,  fuze  computers 
utilizing  these  data  preset  into  the  computer  at  launching  may  be  considered 
if,  by  bracketing  these  data  into  a  small  group  of  selectable  computer  channels, 
the  effectiveness  of  fuzing  increases  significantly, 

2,  The  warhead  assembly,  less  fuze  detector  and  computer  devices, 
is  considered  to  be  a  complete  high-explosive  subassembly  for  which  the  special 
safety  rules  for  manufacturing,  shipping,  stowage,  and  handling  of  ordnance 
materiel  are  applicable. 

3 .  For  unit  warhead  assemblies,  the  warhead  compartment  of 
IM-99  interceptors  capable  of  carrying  the  advanced  warhead  resulting  from 
this  study  shall  be  assumed  to  have  an  access  or  loading  hatch  on  one  side 
of  the  aircraft  sufficiently  large  to  permit  installation  of  the  warhead 

assembly  as  a  unit, 

li.  The  arming  and  safetying  provisions  required  for  an  accept¬ 
able  advanced  warhead  are  dependent  upon  the  type  of  warhead  which  is  selected. 
Compliance  with  all  pertinent  requirements  of  Array  Ordnance  shall  be  mandatory. 

5,  The  warheads  considered  for  the  Bomarc  IM-99(  )  and  IM-99A 
shall  be  designed  for  installation  between  the  tank  and  electronics  compart¬ 
ments,  l/arheads  requiring  jettisoning  or  removal  of  the  electronics  com¬ 
partment  are  specifically  excluded. 

6,  Warheads  involving  circumferential  bias  of  fragment  or 
cluster  patterns  shall  not  be  considered.  This  type  of  warhead  requires 
biasing  of  the  main  seeker-autopilot  system  and  would  result  in  a^net 
increase  of  the  miss  distance.  The  biased  warhead  would,  in  addiv^ion, 
impose  limitations  on  the  seeker— autopilot  system  capabilities. 
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III ,  ^JARH-ilAD  D5SIGN  AND  LETHALITY  ESTIW.TES 

This  section  of  the  report  presents  methods  of  achieving  damage, 
discusses  the  known  warhead  types  which  are  considered  applicable  to  the 
Bomarc,  presents  design  proposals  of  specific  warheads  considered  feasible 
for  the  IM-99(  )  and  the  IM-99A,  and  finally,  discusses  the  lethality 
estimates  associated  vdth  each  warhead  considered, 

A,  mmODS  OF  ACHIEVING  DAMAGE 

Preliminary  to  a  discussion  of  warhead  designs,  it  is  considered 
desirable  to  consider  basic  damage  mechanisms.  These  mechanisms  are  as  follov/s: 

Fragmentation 

External  Blast 

Internal  Blast 

Shaped  Charge  (including  Misznay*-Schardlnj 

Continuous  Rod 

1,  Fragmentation 

The  fragmentation  warhead  produces  many  individual  ballistic 
missiles  which  strike  the  target  in  a  somewhat  random  pattern,  achieving 
damage  by  three  basic  methods:  First,  individual  perforations  of  the  tarpt^ 
skin  or  structure;  second,  a  local  deformation  of  target  structure  and  material 
in  the  fragment  path;  and  third,  the  impacts  may  be  accompanied  by  bplliant 
flashes  which  have  been  described  as  the  "vaporific"  effect  and  which  may  e 
capable  of  igniting  fuel  or  detonating  a  high-explosive  P^yloa^*  Target 
components  particularly  vulnerable  to  fragment  damage  include  the  luel  cells 
and  fuel  lines,  the  crew,  the  miscellaneous  electronic  gear,  engine  and  ^ 
engine  accessories,  and  the  aircraft  payload.  Of  these,  the  fuel  system  is 
perhaps  the  most  vulnerable  to  fragment  kill,  through  the  initiation  of  a 
fire,  vihsreas  the  basic  airframe  is  relatively  invulnerable  to  destruction 

by  fragment  damage, 

2,  External  Blast 

A  second  method  of  destroying  aircraft  structures  is  the  _ 
external-blast  mechanism  wherein  relatively  large  quantities  of  high  explosives 
are  detonated  in  the  proximity  of  the  aircraft.  External  blasts  create  an 
overstressed  condition,  causing  defomation  and  even  breaking  of  tar^^et  skin 
and  structure.  This  phenomenon  occurs  over  an  area,  rather  tnan  at  a  pointy 
(as  in  the  case  of  a  fragment  Impact).  A  secondary  effect  is  the  aerodynamic 
stress  incurred  as  the  blast  wave  passes  the  aircraft .  This  can  be  cornered 
to  flying  through  an  extremely  severe  gust.  Large  fragmentation  warheads  are 
accomLnied  by  external-blast  effects  v.-hich  closely  follow  the  ira^.ent 
impacts  and  thus  compound  and  increase  the  damage  caused  by  the  already 
perforated  structure. 
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3 •  Internal  Blast 

Internal  or  mined  blasts  are  those  in  which  the  high  explosive 
is  detonated  v/ithin  the  target  structure ,  Since  the  blast  occurs  in  a  confined 
volume,  thereby  increasing  the  ability  to  deform  structure,  significant  damage 
can  be  obtained  from  comparatively  small  amounts  of  explosives  as  compared 
with  the  quantities  generally  required  for  comparable  external-blast  damage. 

li.  Shaped  Charge  (Including  Miszna7/-Schardin) 

The  shaped-charge  damage  mechanism  is  characterized  by  a 
high  concentration  of  high-speed  fragment  impacts  resulting  in  severe  damage 
to  aircraft  structure  lying  in  its  path.  The  localized  damage  is  primarily  a 
kinetic -energy  transfer  phenomenon,  but  because  of  the  extremely  hi^  velocity 
of  impact,  the  target  material  usually  disintegrates  and  burns  so  that  the 
damaged  area  is  expanded  by  an  apparent  blast  effect.  The  Misznay-Schardin 
type  of  warhead,  as  considered  here,  is  a  limiting  form  of  the  shaped  charge 
and  its  damage  effects  are  similar  to  those  described. 

5.  Continuous  Rod 

The  continuous  rod  damages  the  aircraft  target  primarily 
by  cutting  through  the  skin  and  structure.  The  entire  airframe  appears  to 
be  vulnerable  to  the  cutting  action  of  the  continuous  rod.  Because  of  high 
impact  velocity,  components  such  as  payload,  fuel  cells,  etc, are  quite 
vulnerable  to  continuous -rod  impact j  liowever,  the  basic  airframe  appears  to 
be  the  largest  single  vulnerable  component, 

B,  COmNUOUS-ROD  WARHEAD 

1,  General  Discussion 

a.  The  continuous-rod  warhead,  upon  which  research  is 
being  conducted  at  the  New  Mexico  Institute  of  Mining  and  Technology  under 
sponsorship  of  the  Navy  Bureau  of  Ordnance,  offers  considerable  promise  as  a 
device  for  obtaining  structural  kills  with  a  fragment-like  warhead.  Its 
effectiveness  results  from  direct  cutting  of  aircraft  structures  by  an 
expanding  steel  rod  moving  at  a  velocity  of  several  thousand  feet  per 
second  relative  to  the  target.  The  early  testing  against  obsolete  aircraft 
types  has  shown  considerable  promise,  and  is  being  supplemented  v/ith  more 
recent  data  to  permit  the  formulation  of  reliable  quantitative  estimates  of 
lethality  against  modern  and  future  aircraft  types, 

b.  As  a  result  oi  a  recent  survey  (Spring  1955)  of 
explosive -ordnance  research,  it  has  become  apparent  that  the  "cleanest”  and 
surest  structural  damage  results  from  the  continuous-rod  warhead,  where  such 
evidences  of  K-lethality  as  the  ahnost  cora;  lete  severance  of  a  fuselage  or 
the  complete  chord-wise  cutting  of  a  sectio..  of  B-U?  wing  skin  (0,375-in. 
7075-T6  aluminum  alloy)  liave  been  observed.  The  continuous-rod  system 
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combines  the  best  featiires  of  the  cluster  and  shaped-charge  typs,  in  that 
the  fuzing  problem  for  the  continuous -rod  "vrarhead  is  greatly  s  iinplified  oy 
the  high  ejection  velocity,  and  the  probability  of  hitting  the  target 
essentially  equivalent  to  that  for  an  infinite  niuuber  of  sub-missiles  ejected 
at  high  speed  in  a  flat  expanding  circle, 

c ,  Since  the  continuous-rod  warhead  concept  has  not  been 
widely  discussed  in  any  but  the  most  recent  literature,  the  following  descrip¬ 
tion  of  the  principle  is  presented: 

(1)  The  continuous-rod  warhead  principle  involves 
the  high-speed  ejection  of  a  collapsed  ring  of  vrelded  steel  rods  in  a  rapidly 
expanding  ring,  in  a  manner  than  can  probably  be  best  likened  to  the  stretching 
of  a  metallic  expans ion- type  watch  band.  The  outward  expansion,  however,  is 
accomplished  by  means  of  high  explosive,  while  forward  motion  is  imparted  by 
the  motion  of  the  primary  missile.  Prior  to  detonation,  the  warhead  case 

is  in  the  form  of  an  annular  shell  of  tightly  packed,  square  rod  segments, 
attached  to  each  other  in  such  a  way  as  to  permit  expansion  into  a  full  circle 
(actually  a  many-sided  polygon)  or  continuous-rod  hoop  with  a  maximum  c^ciM- 
ference  approximately  equal  to  that  of  the  sum  of  the  lengths  of  the  individual 
segments.  The  continuous-rod  principle  employs  low  C/lvi  ratios  (in  the  range 
from  0,3  to  0.8),  yielding  initial  velocities  of  radial  expansion  of  about 
liOOO  to  6000  ftAec.  Under  the  influence  of  the  forward  motion  of  the 
primary  missile,  the  expanding  rod  describes  a  large-angle  conical  path 
permitting  one  or  more  parts  of  the  ring  to  intercept  the  target  structure, 

(2)  The  rod  segments  comprising  the  head  are  usually 
square  in  cross  section  for  efficient  packing,  and  the  rods  are  tightly  nested 
about  the  periphery  of  the  warhead  in  the  fora  of  two  concentric  shells  of 

an  equal  number  of  rods  each.  The  forward  end  of  each  rod  segment  in  the 
outer  ring  is  hinged  b3’'  a  weldment  to  the  forward  end  of  the  rod  segment 
lying  just  below  it  in  the  inner  ring.  The  after  end  of  each  rod  segment 
in  the  outer  ring  is  welded  to  the  inner  row  segment  next  adjacent  to  the 
one  immediately  below  it,  so  that  all  rods  are  connected,  thus  describing 
a  single  continuous  and  endless  path  throughout  the  nest  of  rods, 

(3)  sJhen  the  warhead  explosive  is  detonated,  the 
propelling  action  of  the  explosive  gas  products  causes  the  nest  of  rods  to 
first  exnand  radially  and  then  to  flatten  into  a  large  multi-sided  polygon. 

The  welded  end  attachments  first  shear  partly  through,  then  twist  as  the  rods 
orient  themselves  into  the  polygon.  The  successful  design  is  that  which  will 
permit  the  shearing  and  tosting  action  in  each  rod  segment  to  take  place 
without  breaking  the  continuity  of  the  hoop  until  almost  full  diameter  has 
been  attained. 


(U)  After  the  full  diameter  is  reached,  which, ^ 
depending  on  design  efficiency,  may  be  from  60  to  95%  or  niore  of  theoretical 
maximum  diameter,  the  hoop  usually  breaks  up  into  segments  approximately  10 
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ft  long  which  continue  to  travel  as  submissiles  in  the  original  expanding 
cone.  The  potential  killing  power  does  not  suddenly  drop,  however,  but 
attenuates  as  the  separation  becomes  greater  and  as  the  rod  segments  con¬ 
tinue  to  decelerate.  Strikes  on  an  aircraft  structure  by  segments  of  the 
hoop  continue  to  be  highly  lethal,  provided  the  segment  is  properly  oriented 
in  respect  to  the  target  under  attack.  Oblique  attacks  as  high 
demonstrated  K-killing  power  on  heavy  aircraft  skins.  Strikes  at  higher 
obliquities  still  inflict  damage  wliich  might  result  in  K-kill  loss  oi  the 
aircraft  if  the  strikes  are  made  on  air-loaded  and  stressed  structures. 

In  addition,  the  continuous  rod  is  capable  of  readily  exploding  fuel  and  bomb 
payloads  in  target  aircraft  (Reference  38), 


d.  Current  ordnance  research  activity  at  ®£EMT  has 
recently  been  extended  (Spring  195?)  to  include  an  examination  of  several  ^ 
sizes  and  types  of  rod  warheads  other  than  that  employed  in  the  original  ^id-in. 
Talos  TOrhead  (Reference  39).  Table  I  lists  the  sizes  and  certain  performance 
characteristics,  where  available,  of  the  various  charges  under  current  investi¬ 
gation.  Some  of  the  data  have  been  computed  on  the  basis  of  recent  discussions 
with  NI'ilMT  personnel  (Reference  Sh)  and  their  assumptions  regarding  the  warhe 
configurations.  The  data  shown,  however,  are  considered  to^be  reasonably 
accurate  and  representative.  For  example,  theoretical  opening  diameters  are 
based  on  the  total  cumulative  length  of  rods,  less  3  in.  per  rod  to  aUow  or 
end  attacMents .  As  can  be  seen,  the  efficiency  of  the  smaller,  solid, 
centrally  initiated  designs  is  superior  to  that  of  the  large,  annular,  Talos 
design  because  of  the  far  simpler  explosive  initiation  problems, 

e.  Tests  of  the  continuous-rod  warheads  indicate  that 
structural  K-kills  (defined  very  conservatively  by  M'ffMT  as  being  a  circum¬ 
ferential  cut  of  a  fuselage  or  a  cut  of  a  wing  surface)  can  be  obtained 

up  to  angles  of  obliquity  of  72°.  However,  examination  of  high-obliquity  hits 
on  surfaces  using  202l|-T  or  7075-T6  aluminum  indicate  that  this  angular  limit 
may  be  unduly  conservative.  In  general,  strikes  on  fuselages  usually  reveal 
severance  of  skin,  longerons,  and  stringers  on  both  sides  of  the  fuselage. 
Strikes  on  wings  result  in  skin  severance,  spar  cap  cutting  or  cracking, 
internal  bullfhead  separation,  and  "popping"  of  rivets  or  bolts  over  wide 
areas  of  surface.  Vihen  7075~T6  surfaces  are  struck,  severe  spalling  and 
extensive  cracking  usually  also  result,  terminating  only  when  the  crack  reaches 

a  rivet  hole  or  a  surface  edge. 


f.  MIIljiT  research  (Reference  Sh)  to  date  ^indicates 
that,  for  continuous-rod  warheads  in  the  sizes  and  types  considered  here, 
the  expected  radial  velocity  of  projection  of  the  hoop  should  be  greater 
than  li500  ft/sec,  probably  from  5000  to  6000  ft/sec.  Deceleration  been 
estimated,  on  the  basis  of  MBIT  tests,  as  averaging  approximately  16  ft/sec 
per  foot  of  travel  for  a  l/li-in.  square  rod  having  an  initial  velocity  of  _ 
I1.OOO  to  h500  ftAec  at  I19OO  ft  altitude .  The  estimated  slowdovm  formula  is 
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V.V 

0 

for  lA  X  lA-in.  rods  at  ii900  ft  altitude,  vrhere  x  is  length  of  rod  travel 
in  feet, 

g.  The  following  summarizes  in  a  general  manner  the  design 
and  perfomance  details  of  the  continuous-rod  .warhead  as  they  appear  at  this 
time  for  the  IM-99(  )• 

(1)  Rod  Size  —  The  most  effective  rod  cross  section 
appears  to  be  lA  in.  square,  mere  severe  weight  or  space  limitations  exist, 
3/16-in.  square  vdre  can  be  effectively  used  although  the  velocity  drop-of 
for  distance  traveled  is  more  pronounced  for  the  3/l6-in.  square  rod  ^>^d  "bhe 
ability  to  cut  tough  targets  is  markedly  poorer.  Odd  cross  sections  such  as 
l/b  X  3/16-in.  and  larger  wire  such  as  5/l6~in.  square  rod  are  feasible  an 
have  been  successfully  tested.  However,  the  odd_ cross  sections  may  lead  to 
attachment  troubles  in  edge-on  orientations  and  in  audition  have  not  been 
sufficiently  tested  to  warrant  much  consideration.  The  heavier  cross  sections 
(e.g.,  5/16  in.)  may  over-kill  ani  are  hence  wasteful  of  space  and  weight, 

(2)  Charge-to-Metal  Ratio  —  The  C/k  ratio  appears 

to  be  somev.rhat  flexible,  and  successful  results  have  been  obtained  by  NliIMT 
with  cArJatios  from  0.3  to  0.8.  Initial  velocities  of  rods  are  generally 
in  accordance  with  the  Gurnev  prediction,  based  on  ^^^^aders,  with  initial 
velocities  in  the  region  of  UOOO  to  6OOO  ft/sec  being  recorded  in  the  MM 
tests  (see  Table  I).  Some  anomalous  behavior  has  been  noticed  ^ 

C/M  ratios  gave  extraordinarily  high  initial  velocities;  however,  these 
deviations  can  probably  be  traced  to  the  small  test  sampling, 

(3)  Length  ^to-Diameter  Ratio  —  Analysis  of  the 
li/fiited  firings  conducted  by  NMIMT,  and  summarized  in  Table  I, 

the  LA  may  be  critical,  and  that  the  higher  the  ratio  the  more  likelihoo 
there  is  of  achieving  full  opening  before  breakup.  The  ^heoreUcal  ^oop 
diameters  in  the  calculations  in  Table  II  are  computed  on  the  tesis  total 
effective  rod  length,  less  3  in.  per  rod  to  account  ;.or  end  attachment o.  The 
ability  o^  the  expanding  hoop  to  achieve  full  diameter  before  breakup  depends 
largely  on  such  factors  as  the  strength  or  ability  of  the  end  attachments  to 
witLtand  the  twisting  action  accompanying  the  expansion 

rods  It  is  considered  also  that  the  frequency  of  rod  end  attachments  may  be 
a  factor  in  premature  breakup,  due  to  hinge  failure  and  twisting  of  indi^mdual 
roL,  For  tMs  reason,  high  lA  ratios  are  desirable  to  keep  the 
attacimients  at  a  minimum  for  a  given  weight  of  warhead.  Also,  recent  te 
results  (Reference  Sh)  reported  by  NIM  indicate  the  superior 
of  hif^h  LA  heads,  although  other  factors,  as  yet  undetermined,  ma„  have 
been  ?esnonsible  for  the  observed  differences  in  per-formance.  It  may  be 
nJted  in  the  design  study  tabulation  (Table  11 )  that  degradation  favors 
ha^fbeL  applied  to  the  lower  L/D-ratio  designs.  Assuming  that  lA 
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ratios  of  less  than  1  may  lead  to  premature  breakup  of  the  rod  ring,  the 
following  degradation-factor  relation  has  been  tentatively  establi^he  . 

D  “  nD . 
e  t 

where  D  »  expected  maximum  diameter  of  hoop  at  time  of 
®  breakup 

D  “  maximum  theoretical  diameter  of  hoops*  which 
^  is  equal  to  total  length  of  rods  less  3  in, 
per  rod  for  attachment 

n  =*  degradation  factor  according  to  the  following 
schedule: 


>1.0  0*9 

0,91  -  1.0  0.8 

0.81  -  0.90  0o7 

<0,8  0.6 

These  degradation  factors  are  purely  arbitrary  and  probably  pessimistic, 
since  recent  NldlMT  experience  (Reference  ^h)  suggests  that  any  properly 
designed  warhead  should  be  able  to  achieve  90-9?^  of  the  full  hoop  di^ete  . 
This'" is,  of  course,  subject  to  further  developmental  testing,  and  it  is 
conceivable  that  the  high  factor  indicated  by  BilMT  experience  will  hold 
true  in  the  ]l'I-99  designs, 

2,  Continuous-Rod-J'farhead  Configi^rations 

a,  A  variety  of  possible  configurations  have  been  ore- 
pared  which  are  based  on  variations  in  warhead  length  diameter  for  both 
the  300-lb  warhead  for  the  B1-99A  and  the  600-lb  warhead  for  the  Lvi-99(  J. 

The  following  basic  criteria  have  been  established  for  the  continuous-rod- 

vrairhead  design  study; 

(1)  Length 

The  maximum  possible  length  for  the  600-lb 
IM-99(  )  warhead  has  been  set  at  35  in.  with  a  maximum  preferable  length  of 
30  in.  The  maximum  length  for  the  IM-99A  warhead  _ has  been  established  at 
17  in.  (In  June  1955,  Boeing  indicated  tliat  a  17 -m.  maximum  could  be  made 
available  for  the  n'i-99A  warhead.)  Shorter  versions  are  not  considered 
since  the  L/D  (length-diameter  ratio)  essentially  rules  out  the  use  o 
shorter  designs  because  of  possibly  severe  hoop-diameter  degraaation . 
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(2)  Diameter 

A  maximum  diameter  of  30  in.  for  either  wa^ead 
y;as  established  vdth  smaller  diameters  being  explored  to  permit  better  L/D 
ratios . 

(3 )  Weight 

A  maximum  weight  of  600  lb,  including  a  60-lb 
(10^0  allowance  for  S  and  A  devices  and  supporting  structure, ^ is  established 
for  the  IM-99(  )  design.  The  IM-99A  warhead  has  a  maximum  weight  of  3 TO  lb, 
with  60-lb  allowance  for  S  and  A  and  structure  (same  for  either  the  300-  or 

600-lb  warhead) . 

(li)  C/M  Ratio 

The  oharge-tOHnetal  ratio  should  be  in  the  range 

from  0.3  to  0.8. 

(5 )  L/D  Ratio 

The  length-to-diameter  ratio  should  be  as  high 
as  possible  consistent  with  the  pennitted  envelopes,  wire  cross  sections, 
and  desired  hoop  diameter, 

(6)  Hoop  Dicjneter 

The  full,  unbroken-hoop  diameter  should  be  no 
greater  than  approximately  twice  the  maximum  expected  miss  of  3  <r  (or  180  ft). 
Excessive  hoop  diameter  would  be  wasteful  of  weight  and  space  and 
probably  result  in  a  lower  C/M  ratio  and  a  lower  velocity  than  could  otherwise 

be  obtained, 

b.  Based  upon  these  design  assumptions,  a  matrix  of  some 
60  possible  design  configurations  has  been  prepared  for  the  300-  and  ^OO-lb 
wLLads  and  is  summarized  in  Table  II.  Of  these  designs,  only  a  comparative 
few  are  considered  worthy  of  further  examination  because  of  failure  of  the 
remaining  configurations  to  meet  one  or  more  of  these  design  criteria.  In 
keening  with  the  informally  expressed  desire  of  Boeing  to  keep  the  length 
as  short  as  possible,  while  at  the  same  time  maintaining  as  high  an  L/D 
ratio  as  can  be  accommodated,  the  best  compromise  600-lb  warheads  appear 
to  be  those  of  the  configurations  summarized  in  the  following  table,  in  the 
order  of  decreasing  acceptability; 
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_ Configuration _  1  _ L  — ^  --i —  —  - 

Overall  length  (in.)  30  30  2$  35  35  35 

Major  dia  (in.)  2^  30  2$  20  2$  30 

Overall  weight^  (lb)  598  600  ^hO  580  600  600 

Rod  cross  section  (in./l6)  bdi  bcU  3xU  bdi  Wi  33di 

C/M  ratio  0.6^  0.37  0.77  0.6U  O.lil  0.56 

lA)  ratio  1.20  1.00  1.00  1.75  1.^0  1.17 

Hoop  dia  (theoretical)  (ft)  38u  I482  1^30  378  ^79  580 

Hoop  dia  (expected)  (ft)^  3U5  385  3^5  3^0  il30  520 

Weight  of  metal  in  hoop  (lb)  328  39^  272  312  382  3^7 

- T, - Rods  plus  explosive  plus  60  ^b  for  miscellaneous  structure. 

b.  Rods  oriented  to  form  a  l/2-in. -thick  shell, 

r  Rods  oriented  to  form  a  3/8-in  .-thick  shell.  ,  •„_ 

d!  Expected  hoop  dia  is  weighted  percertage  of  theoretical  dia,  using 

assumed  factor  of  0.9  for  l/R  ^l*®) 

Configuration  1  appears  to  be  the  best  compromise  design,  since  it 
r^asoLblv  high  L/D  and  C/M  ratios,  which  should  result  in  good  high-velocity 

hoop  prodLtion,  and  a  nominal  lA-in.  square 

to  be  optimum  (according  to  Blilifi) .  Configuration  ii 

better  for  a  wrhead  except  that  its  length  is  at  the  up^r  ^it  of  35  in. 
Configuration  2  has  been  made  the  second  choice  because  its  L/D  and  CA 
r^firarfboth  lower  than  desirable.  Oonfl^ation  3^y  be  a  poss^le 
choice  although  its  odd  rod  cross  section  of  3/16  x  1/4  in.,  orienx-ea  on 
edge  to  lom  a  l/2-in .-thick  wall  may  lead  to  attachment  trouble,  no  es 

b^er=ond(oted  with  rods  in  this  position.  It  should  be  noUd  that 
none  of  the  3/l6  or  5/l6-in.  square  rods  appear  suitable  for  the  600  lb 

warhead  design, 

c.  Because  of  the  length  limitation  on  the  300-lb  warhead 
for  the  IM-99A,  only  variations  in  warhead  diameter 

considered  as  variables.  Of  the  12  caiibinations  shown  in  Table  II,  four 
oossible  configurations  have  been  selected  and  summarized  below,  again  in 
?SroSer  0?  dLreasing  acceptability.  It  should  be  emphasized  that  none 
of  these  designs  have  as  high  an  L/Q  ratio  as  is  considered  desirable  for 
bL^  rertoSnce  in  terns  of  fullness  of  hoop  development  before  breakup. 
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Configuration 

lA 

2A 

3A 

ItA 

Overall  length  (in.) 

17 

17 

17 

17 

Major  dia  (in.) 

30 

25 

20 

25 

Overall  weight  (lb) 

300 

300 

298 

300 

Rod  cross  section  (in,/l6) 

3x3 

3x3 

3xi; 

3xh 

CA  ratio 

0J7 

0.79 

0.68 

0.3i4 

lA  ratio 

0.?7 

0.68 

0.85 

0.68 

Hoop  dia,  theoretical  (ft) 

312 

2^8 

203 

258 

Hoop  dia,  expected  (ft)'^'*^ 

187 

lli2 

1?5 

Weight  of  metal  in  hoop  (lb) 

169 

2h0 

lii8 

186 

*Rods  oriented  to  form  l/2-in , -thick  shell* 

^^Degraded  according  to  factors  shown  on  p*  In* 

The  factors  contributing  to  the  choice  of  Configuration  ^ 

large  hoop  diameter  expected  and  the  use  of  uniform  or  square  rod  .  / 

Ld  L/D  ratios  are  both  extremely  lovr,  although  with  proper  , 

warhead  can  probably  be  made  to  perfom  adequately.  ^  f  C/M 

having  a  much  smaller  hoop  diameter,  does  have  more  satisfactory  L/D  and  C/M 

ratios,  and  could  conceivably  perform  better  than  Co^iguration  U.  Both 

3A  and  U  use  3/l6  x  lA-in.  rods  oriented  in  a  double  row  to  give  a  shell 

1/2  in.  thick.  However,  as  previously  stated,  rod  warheads  have 

fabricated  and  tested  using  this  particular  orientation  of  ^  A6  x  _  „  4-^.  rods,  ^ 

and  hinging  trouble  may  be  encountered  in  end  attachments,  although  MH  ( 

ence  5U)  indicates  that  this  may  not  necessarily  be  the  case  if 

factors  are  optimized.  Configuration  3A  does  not  compare 

2A  from  the  standpoint  of  hoop  diameter,  but  it  does  have  the 

C/U  and  L/D  ratio  combinations  of  all  designs  considered.  If,  as  indi .ated  by 

MB/T  personnel,  the  C/m  and  L/D  ratios  may  not 

possibly  quite  flexible,  then  the  logical  choice  will  still  ^  ^ 

yielding  the  largest  hoop  oi  square  rod,  i.e..  Configuration  U.  ^ 

Worthy  tliat  none  of  the  lA-in.  square  or  5/l6-in.  square  rods  appear  to  be 
usable  in  the  IM-99A  300-lb  warhead. 

d.  The  design  study  tabulation  (Table  II)  is  representative 
only,  and  actual  designs  may  depart  from  the  nominal  dimensions  and  weig  s 
shOTvn.  Tvfo  continuous-rod  warhead  configurations  have  been  prepare  ., 
of  which  have  worked  in  tests  with  smaller  warheads.  The  original  design 
considered  Is  shown  in  Hgure  5  and  Is  based  on 

sizes  (^-  and  8-in.  dia) .  Subsequent  experience  by  NMIOT  (Reference  bu; 
indicates  that  a  more  successful  aporoach  is  that  shown  in  Figure  , 
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data  for  the  best  compromise  designs  for  the  B)-99(  )  and  nrMlacr"rod' 

in  fig-ores  7  and  8,  respectively.  Although  either  design  should  pr«luce  rou. 

having  essentially  equal  radial  velocities,  there  is  evidence  that 

centrally  initiated  design  shown  in  Figure  5  may  rnoint  of 

of  the  rods  and  cause  a  .ocalised  stretch  to  occ^  *loh  can  beoo^  a^lnt  of 

failure,  A  centrally  initiated  design  may  also  be  difficul  pimire  6 

cast  explosives.  A  more  promising  approach  is  that 

Phere  end^enter  initiation  is  employed.  This  Pbun'iple  Lv?nc  ^  Tt 

fiiiiv  in  a  t^-in  -dia.  l6-in.-long,  MIMT  test  warhead  design  having  an 
fn^rctntoi  SkttorosS  at  tt  initiation  end  by  a  hemispherical  dome. 

e  The  shock-wave  buffer  layer  between  the  explosive  and 

the  rod  shell  is  presently  made  of  plaster  of  parts, 
as  thick  layers  of  cavity  hot  melt*  have  also  been  used  rtth 
The  Blaster  layer  is  employed  in  the  two  designs  illustrated  because  oi 
Sw  p^St  of  hot  ilt,  which  precludes  reliable  and  consistent  cast 

explosive  lokding.  It  will  noted  that  Pl-ter  buffer  is  ttaoter  at 
the  center  of  the  head  than  at  the  ends,  ^rticularly 

initiated  design  (Figure  5).  This  variation  in  thickness,  which  is  a  re.ui< 

0?  emSricS  dSvelopSnt.  is  thought  to  attenuate  the  shock  wave  in  such 

f»r  r":  to  reduS  th^  bendi:*  of  the  rods,  ,lves 

consider  plastic  materials  such  as  epoxy  resins  etc.  that  will  lend  themseive 

to  easier  production, 

f .  Tvio  alternative  methods  of  rod  end  attachment  are  shown 
in  the  details  of  Figure  6.  One  is  an  arc-welding  method  employed  vath  a  high 
SgSe  c  lucLss  bj  MM  in  their  test  v^rheads.  The  second  is  a  Projection, 

orTp^t-weldlng,  meLod  developed  by  the  Q.  W.  Galloway  ,3 

fpiifornia  in  the  construction  of  Talos  warhead  shells.  The  latter  methoa  . 

mo^rsiltabirfor  high  production  rates,  but  it  requires  the  development 
of  a  satisfactory  means  of  production  weld  inspection,  since  a  high  incidence 
of  ^’^eld  failures  has  occurred  on  some  of  the  Talos  heads, 

g.  It  will  be  noted  that  a  l/2-in. -dia  steel  or  popper 
tube  is  employed  at  the  ends  of  the  rod  segnents  under  the  holding  tab.  These 
tubes  act  L  shaped  charges  under  the  influence  of  the  detonating  explo  i 

and  sever  the  holding  tabs  at  the  time  of  rod  projection. 

h  The  designs  illustrated  in  Fibres  6  and  ?  incorporate 
^  mcc+hnri  of  attachment  of  the  ’.rarhead  to  the  primary  missile  consisting  ol 

this  :^h  rlSaf^ 

contraction  and  fabrication  tolerances. 


"Black  Acid  Proof  Liner  Paino,  ;)er  Ja -^-P-h^O,  Class  3. 
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i.  Since  the  continuous-rod-warhead  designs  permit  single¬ 
point  initiation  on  the  axis  of  the  warhead,  only  a  single  S-and-A  device  is 
requii'ed.  The  most  desirable  location  for  such  a  unit  is  on  the  inside  oi 
th2  ’^rhead,  located  on  the  forward  face  of  the  inner  cavity 
can  be  through  a  hole  and  access  door  in  the  forward  warhead-compartoent  bulk¬ 
head.  It  should  not  be  necessary  to  install  or  remove  the  S-and-A  device 
after  the  warhead  is  in  the  missile,  although  provision  must  be  made  for  an 
eleclriS:i  connection  to  the  fuse.  In  all  probability,  S-and^  units  currently 
being  developed  for  the  IM-99A  can  be  used  either  as  is,  or  with  only  a  slight 
modification,  with  the  continuous-rod  vrarhead, 

3 ,  Continuous-Rod  Lethality  Estimates 

a  The  following  discussion  sets  forth  the  basic  assump¬ 
tions,  methods,  and*results  used  in  estimating  the  lethality  of  the  continuous- 

rod  warhead: 

(1)  The  cutting  capability  of  rods  determined  by 
NMIMT  and  shovm  in  Figure  9  (taken  from  Reference  38)  is  valid  for  both  3/16- 
and  lA“iJ^»  square,  continuous-rod  segments, 

(2)  The  aerodynamic-drag  evaluation  shown  in  Section 
IV,  Fuzing  Studies,  is  applicable  to  the  continuous  rod, 

(3^1  A  rod  cut  of  Ojy^-in,  depth  in  aluminum  target 
material  is  required  for  a'K-kill  (representing  a  tough  stressed-iving  skin 
or  a  spar  cap  in  a  box -type  structure) • 

(!i)  Upon  reaching  maximum  hoop  diameter,  the  hoop 
breaks  up  into  sections  about  10  ft  long. 

($)  About  95^  of  the  presented  area  of  a  modern 
high-performance  bomber  euch  as  the  b4.7  1=  K-valnerable  to  a  oontlnuous-rod 
cut, 

(6)  Since  recent  experiments  at  MIMT  have  shoYm 
that  high-obliquity  impacts  (above  72°)  may  be  ineffective,  the  gross  assump¬ 
tion  is  made  that  only  90^  of  the  impacts  will  result  in  effective  cuts. 

b ,  In  order  to  establish  the  impact  velocity  of  the 
ront-nuous  rod  upon  the  target,  the  method  indicated  in  Figure  8»  parapaph 
TV  b"i  c  'and  particularly  in  Equations  10,  11,  and  12  is  used.  The  constan  s 
S^d^in  SecUorn  do  no/apply\o  this  condition  since  they  were  evaluated 
considering  the  end  view  of  the  continuous-rod  cylinder  as  it  is  ejected  from 
Jh^miLilf  In  this  section  it  is  desired  to  determine  the  slowdown  of  a 
qinf^le  rod  section  flying  side-on  rather  than  end-onj  therefore,  the  weight, 
'JSentef  a^ea,  and  Sag^oefficients  assumed  for  Section  F  do  not  apply  hero . 
A  drag  coefficient  of  0.7  was  found  to  closely  approxunate  the  experimental 
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data  from  NMDJT  (presented  in  paragraph  l,f,  above)  to  a  distance  of  about 
300  ft.  The  presented  area  of  the  rod  to  the  air  stream  is  assumed  to  be 
the  arithinetical  mean  between  the  flat  and  diagonal  presented  areas  of  the 
rod.  For  the  lA-in.  square  rod,  the  presented  area  is  calculated  to  be 
0,302  sq  in,  per  inch  of  rod,  and  for  the  3/l6-in,  square  rod,  the  presented 
area  is  0.2265  sq  in.  per  inch  of  rod.  Ratios  of  presented  area  to  weight 
are  0,ll85  sq  ft/lb  for  the  lA-in,  rod  and  0.l57  sq  ft/lb  for  the  3/lD-in. 
rod.  Initial  velocities  of  the  rod  have  been  determined  as  the  vector  sum 
of  an  assumed  5000-ft/sec  radial  ejection  velocity  and  forward  velocities 
(imparted  by  the  primary  missile)  of  1000  and  2500  ft/sec. 
are  5100  ft/sec  for  a  1000-ft/sec  missile  and  5590  ft/sec  j.ur  a  2500-'ft/sec 
missile .  Target  velocities  relative  to  the  rod  will  vary  with  respect  to 
the  angle  of  approach.  A  stationary  target  is  therefore  assumed  in  order  to 
allow  for  a  mean  impact  velocity  independent  of  the  angle  of  approach. 


c.  Calculations  of  remaining  velocity  vs  distance  of 
travel  along  the  rod  trajectory  were  made  for  the  initial  conditions  discussed 
above.  The  results  of  these  calculations  are  shown  in  Figure  10,  which  indicate 
that  the  drag  slowdown  of  the  rod  is  severe  at  sea  level  but  essentially 
negligible  at  60,000  ft  altitude.  The  velocities  shovm  in  Figure  10,  multiplied 
by  the  square  root  of  the  cross  section  of  the  rod  (in  inches)  were 
against  the  depth  of  cut  plot  in  Figure  9  to  determine  the  expected  depth  of 
cut  as  a  function  of  distance  traveled.  These  distances  were  then  converted 
to  actual  missile  miss  distances  (in  feet)  and  the  results  plotted  in 
10,  thus  showing  the  expected  cutting  cambility  for  continuous-rod  warheads  ^ 
as  a  function  of  the  prijuary,  missile  miss  distance.  From  Figure  11,  averaging 
the  capabilities  for  the  slcwf  and  fast  missile,  a  distance  of  about  132  ft 
actual  miss  distance  (at  sea  level)  was  established  as  the  point  vfhere  a  ^ 
lA-in.  square  rod  can  no  longer  penetrate  0, 375-in.  aluminum  target  material. 

It  was  similarly  determined  that  the  3/l6-in.  square  rod  can  no  longer  penetrate 
0.375-in,  target  material  at  a  miss  distance  of  about  60  ft  at  sea  level  and 
about  165  ft  at  30,000  ft.  At  60,000  ft,  slowdown  is  sufficiently  negligible 
so  that  no  such  limitations  exist  for  either  the  lA  or  the  3/16  rod  at  miss 
distances  of  less  than  300  ft. 


d.  In  addition  to  the  limitations  of  e>Tected  cutting 
ability,  the  continuous-rod  also  has  the  geometric  limitation  due  to  the 
previously  described  hoop  breakup.  After  breakup,  the  length  of  rod  which 
existed  at  the  time  of  the  breakup  must  be  distributed  around  the  circumference 
of  an  increasing  circle,  so  that  the  gaps  between  the  sections  of  rod  will 
constantly  increase.  Therefore,  the  ratio  of  the  desired  length  of  rod  (the 
circumference  of  the  expanding  circle)  to  the  available  length  of  rod  (which 
was  the  circumference  of  the  circle  at  brealuip)  can  be  expressed  as 


where  R  is  the  radius  of  the  circle  at  breakup  and  R2  is  any  instantaneous 

post-breakup  radius.  These  results,  v.'hen  multiplied  by  a  factor  to  account 
for  the  assumed  oblique— impact  and  vulnerable- area  limiting  factois 


Page  20 


©iidbCaiiT 


Ill  Warhead  Design  and  Lethality  Estimates,  B  (cont.)  Report  No,  991 

(0,90  and  0,95»  respectively),  indicate  the  lirai"-.  due  to  expected  rod  breakup 
after  reaching  the  maximum  intended  radius.  (The  ra^imum  conditional-kill 
factor,  0,855,  is  determined  by  multiplying  the  0.95  vulnerable -area  factor 
by  the  0,90  oblique-impact  factor,  discussed  previously,} 

e.  These  concepts  are  summarized  in  Figure  12  for  the 
600-lb  IM-99(  )  warhead  and  in  Figure  13  for  the  300-lb  IM‘-99_A  vrarhead.  In 
these  curves,  a  constant  lethality  or  probability  of  a  hit  being  a  K-kiii  is 
assumed  until  either  the  limitation  due  to  inability  to  cut  target  material 
or  the  geometric  limitations  due  to  rod  breakup  are  reached, 

f.  The  kill  probability  for  a  particular  guidance  dis¬ 
persion,  (T  »  is  determined  by  the  following  approximation: 


where 


1  -  e 


P  is  the  hit  probability  for  the  case  considered,  and  may  be  defined  as  "the 
probability  that  an  interceptor,  having  a  guidance  error  of  o*^,  will  miss  the 
target  by  a  distance  of  less  than  S  ft,"  It  should  be  noted  that  includes, 
as  the  limit  due  to  rod  breakup  after  reaching  maximum  continuous-rod  radius, 
the  probability  that  a  rod  segment  will  hit  the  target.  A  small  (point-size) 
target  is  assumed  in  this  instance.  An  increment  of  10  ft  for  is  used  to 
determine  the  values  for  Maximum,  attainable  values  were  calculated  for 

the  kill  probability  for  the  continuous-rod  warhead,  based  on  the  foregoing  meth¬ 
od  and  assumptions,  and  assuming  no  fuzing  error.  These  results  are  shown  in 
Figure  lli  for  the  IM-99(  )  warhead _ using  lA-in.  square  rod  and  in  Figure  15 
for  the  IM-99A  TJ'arhead  using  3/l6-in,  square  rod, 

h.  Conclusions 

The  successful  application  of  the  continuous-rod-warhead  _ 
principle  to  the  Bomarc  missile  appears  to  be  highly  promising  for  the  following 
reasons: 

a.  The  conditional  kill  probability  is  high,  in  particular 
for  the  600-lb  IM-99(  )  version  which  employs  a  lA-in,  square  rod.  However, 
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the  smaller  IM-99A  300-lb  version,  which  employs  a  3/l6-in.  square  rod,  has  a 
short  overall  warhead  length  which  may  promote  premature  hoop  breakup,  plus 
severe  slovidown  at  lower  altitudes  which  will  reduce  the  cutting  ability 

of  the  rod, 

b.  The  overall  K-kill  probability  is  high,  and  the 
characteristic  damage  produced  by  rod  cutting  (i.e.,  severance  of  structure) 
should  cause  loss  of  control  of  the  target  aircraft,  which  sM-d  be  apparent 
to  the  interceptor's  home  radar.  Hit-probability  estimates  indicate  that  a 
warhead  producing  a  continuous  hoop  of  300-ft  dia  or  more  prior  to  breakup 
and  ejected  at  radial  velocities  of  about  $000  ft/sec  can  achieve  an  almost 
certain  hit  at  almoat  any  angle  of  attack  and  relative  ' 

UP  to  a  miss  distance  of  about  ]50  ft.  Fbze  tolerances  of  about  1  0^5  sec 
cL  be  tolerated  in  this  situation  (see  Section  IV),  and  skewing  of  the  primary 
missile  due  to  angle  of  attack  has  a  negligible  effect. 

c •  The  continuous-rod  warhead,  being  characterized  by 
high  radial  projection  velocities  as  compared  with  the  forrord  velocity  of 
ttf.SSle.'^can  he  clasaified  as  an  "equatorial"  "one 

modifications  of  existing  cone-type  fuzes  such  as  the  T-3010  (see  Secti  ) . 

d.  The  continuous-rod  warhead  is  simple  in  design  and  can 
employ  a  single,  already  developed,  safety-and-arming  device  which  can  be 
conveniently  located  within  the  internal  cavity  of  the  warhead, 

e.  Missile  skin  removal  prior  to  warhead  detonation  does 
not  appear  necessary,  Hov/ever,  any  heavy  external  ducting  or  structural 
members  should  be  removed  to  prevent  rod -pattern  disturbance . 

f.  The  time  required  for  development  of  the  continuous  rod 
should  not  be  any  greater  than  that  required  for  other  warhead  types. 

NOTEj  It  should  be  pointed  out  that  these  discussions ^and  conclusions  are 
based  on  M'iT,  exoerimentally  demonstrated,  test  configurations,  ihe 
publicized  difficulties  encountered  by  the  Navy  in  the  development  the 
Lntinuous-rod  warhead  for  Tales  are  not  expected  to  arise  wi^th  the  proposed 
Bomarc  warhead  because  of  the  differences  in  the  way  the  warheads  are  designed 
Ini  emplaced  in  the  missile.  The  Talcs  has  an  annular  design  ^ 

of  asymmetric  initiation  which  has  caused,  among  other  things,  difficult! 
in  detention-wave  control  vdth  a  resulting  early  breakup  of  the  rod  hoops . 
Such  problems,  being  alien  to  the  proposed  Bomarc  warhead  design,  should 
be  permitted  to  prejudice  the  consideration  of  this  highly  useful  warhead 
type  for  the  Bomarc  missile. 
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C ,  SHAPED-CHARGE  AND  MISZNAY-SCHARDIN  YJARHEADS 

The  shaped  charge  and  the  closely  related  systems  employing  the 

Misznay-Schardin  effect  are  promising  mechanisms  for  f 
craft/ especially  if  high-explosive  payloads  are  vulnerable. 
however,  require  considerable  research  and  development, 

ballistic  effects,  which  have  been  exploited  in  other  applications,  such  as 
antitank  weapons,  have  been  only  meagerly  investigated  for 
armament.  Both  of  these  mechanisms,  which  may  be  generally  classed  as  highly 
directional,  hypervelocity,  fragment-beam  projectors,  are  based  o"  ^® 

•)rinciple  of  orojecting  metallic  fragments,  either  in  random 
qizes  shapes  and  patterns  off  the  end  of  explosive  charges  rather  than  off 
the  sides  as  in  fragmenting  warheads ,  Fundamentally,  the  ^ 

tion  warhead,  the  Misznay-Schardin,  and  the  ' 

having  in  common  a  metal  surface,  an  ®  f  wn- 

initiating  detonationj  the  main  differences  being  in  the  location  and  con 

figuration  of  these  principal  components. 

Jjisznay-Schardin  Warhead  Considerations 

a.  Explosive  ordnance  items  utilizing  the  MlszMjr^chardin 
effect  may  assume  several  forms.  These  usually  consist  of  f^femd 

ti.m  or  it  may’ consist  of  discrete  ore-out  fragments  assembled 
;h^i:h'?S*'LfiriccSd’!nrai:f  Ltr^lhape  Of 

mum  initial  velocities  cf  discrete  fragments 

qii-ltable  selection  of  an  explosive  charge-to-metal  ratio  (C/M) .  Proper  design 
of  the  fraSnting  surface  Ld  exercise  of  control  over  the  detonation  wave 
cL  proSdrgoorspatial  control  of  the  fragments  Almost  uniform  dis^r  ion 
of  hvnervelocity  fragments  through  cones  up  to  30  is  not  ^possi  e 
Deercrerve'  V-Sally  dished,  solid-plate. 

also  shaped  charges,  although  they  represent  the  lower  regions  of  vdociti 
for  the  latter. 

b.  Although  considerable  research  work  has  been  reported 

and^o?herf LlarSgS'Suu^Sl^TSr^^^  ^o^full- 

scale  or  even  model  ®;;“  '^gsTsTseSour^esSchlnd  devr^nt 

''”‘1ince"«  S  oS?rSssSfto?‘a  satisfactory  mechanism  for  the  destrurtion 
S  aircraft  and  missiles,  particuUrly  trough  the  medium  of 

manv  TtL  ai?crSt  dLage  effects  observed  in  the  experiments 
StrSdelt^sC-cSS  li-rs  ft  t,.  Naval  Ord^nce  Test  Station, 
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Inyokern,  may  also  be  representative  of  the  Misznay-^chardin  system.  There 
is^a  probability,  hwvever,  that  the  Misznay-Schardin  type  of  wartead,  which 
has  an  inherently  wider  spatial  distribution  of  lower-initial-velocity  frag¬ 
ments  than  does  the  highly  directional  shaped  charge,  would  have  a  reduced 
effectiveness  in  terns  of  the  damaging  "vaporific"  effect.  Both  syst^s 
do  have  a  common  requirement  in  that  the  warhead  jet  must  point  ^  ^ 
direction  of  the  expected  target  intercept,  since,  like  other  efficientiy 
designed  conventional  fragmenting  warheads,  the  kill  potential,  except  for 
the  possible  "bonus"  blast  effect,  is  nullified  in  the  case  of  a  near  miss. 

c.  It  has  been  established,^  on  the  basis  of  a  reasonably 
large  number  of  test  firings  at  HOTS,  that  fragment  beam  projection  by  means 
of  one  or  more  shaped  charges  results  in  spectacular  structural  damage  to 
aircraft  as  a  result  of  "vaporific"  effects.  This  effect  is  an 
explosive  combustion  of  the  fragment  particle  and  the  local  area  of  the 
target  as  a  result  of  high-velocity  impact  (10,000  to  2^,000  ^ 

the^shaped  charge,  the  continued  buildup  of  explosive  energy  as  the  jet  of 
oarticlL  or  fragments  strikes  the  target  is  capable  of  generating  extensive 
structural  damage,  characterized  by  physical  destruction  of  heavy  members, 
removal  of  quantities  of  skin,  incendiary  effects  on  fuel,  detonation  of 
payload,  etc.  It  is  estimated  that  the  vulnerable  area  of  a  modern  high- 
performance  bomber  to  attack  by  the  large-caliber  shaped  (over  7  .5  in. 

in  diameter)  is  approximatelv  9Q^  of  the  presented  area,  excluding  ^rom  the 
K-kill  vulnerable  area  such  things  as  wing  tips,  single  ^pennage  surfaces, 
and  the  like.  This  conditional  kill  probability  is  applicable  up  to 
altitudes  of  approximately  30,000  ft  and  at  standoff  distances  of  100  to 
120  ft.  There  is  evidence  that  at  higher  altitudes  the  lethality  increases 
and  can  be  achieved  at  much  greater  standoff  distances . 

d  Vfhen  a  single  hit  is  involved,  the  conditional  kill 
probability  of  0.9  appear  to  be  optimistic  for  the  shaped  charge i  however, 
in  the  case  of  multiple-jet  shaped-charge 

expected,  exceot  for  large  miss  distances .  An  additional  consideration  i 
that  the  large*  quantities  of  fuel  carried  aboard  modern  turbojet  bombers 

rSer  ^Ssfaircraft  unusually  vulnerable  to  the  shaped  cterge  from  both 
explosive  ignition  of  the  fuel  and  structural  airframe  damage  from  hydraulic 

ram  effect, 

2,  Shaped-Charge  Considerations 

The  shaped  charge  as  used  for  antiaircraft  applications  can 
vary  from  shallow  dished  types  to  deep  conical  shapes  similar  to  those  develope 
specifically  for  use  in  antitank  weapons ,  Initial  fragment  velocities 

^These  comments  are  based  on  published  and  unpublished  NOTS  data  for  period 
19^0-1953  and  on  recent  conversations  with  NOTS  personnel  engaged  in 
work  (see  References  31  and  32), 
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erased.  This  velocity  represents  en  up^r  practical  Imit  in  mechanical 
projection  velocity  for  systems  in  general  Service  use . 

3 ,  Damage  Mechanisms 

The  highly  directional  shaped-charge  jet  consists  of  a 

associated  with  hypervelocity  fragmen  ^  ■  f.  strikes  on  aluminum- 

certain  threshold  values  of  mass  v«l°=f  ?!■  impact  area 

allov  plate  were  accompanied  by  a  brilliant  flash  light,  and  tne  im^ 

.  »n  he  damaeed  In  a  different  manner  than  had  occurred  in  the  case  ol 

appeared  to  he  ^agea  VM,n<n+o  The  area  arou:id  the  impact  holes  m 

invSkStiS°a?  NOTs!  combustion 

:?:nS5fs:ij^diSsi  s -.e 

finely  divided  material  to  the  poi  P  aluminum  "dust"  explosions 

found  to  promote  "vaporific”  phenaDe®,  helium  and  engine- 

exteuk^gS^  tev^fal^srcompleteiy  suppress  the  effect,  Cerent  research 
„rk  at  loTS  supports  an  Sfjp  wUhiS  the 

H"  rSs^olofa^M  energr”trap''  and  absorb  even  more  energy  from  the 
::o«tp^cU^  ;;rU0U:-.^he  sw^glon  of  high  density  and  high  energy 

<Vinely  divided  aluminum  was  detonated  to  oroduce  f^’encSsS 
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rapidly  expands  until  the  target  structure  tL'^racturet  Preliminary 

loin  from  the  detonation  of  high  ^plosives  'JJ.thin 

calculations  by  the  HOTS  group  indicate  ttot  explosive, 

by  7.5-  to  e.S-in.-dia  charges  is  equivalent  to  U.3  to  >.>  m  oi  v 

li.  Effects  of  Altitude  on  Shaped-Charge  Jet  Performance 

Studies  in  the  NOTS  Controlled  Atmosphere  Laboratory  rrith  ^ 

/t  t  •  i^’ia’l  iinfisr  reduced  pressures  simulating  altitude 

"“i^'^uTro^^iL&ence'si)  indiwted  that  atove  ItO.OOO  ft  (equivalent 

:?t  t°ud\tS  “dSetdrag  on  ^.3e\^-^,7tdiri’'disL«t“noLX^ilt 
jet  average  velocity  and  a  reduction  in  the  f 

2-3  deg,  total  angle)  of  the  fragmen  ®  ^  o.  +oj.„et  sections  increased 

and  mechanical  dasage  observed  =i““?;;i*®^0*""^\eLined  heavy  even  up 

many  fold  at  P>'«=“^^l*““^^"„te'rhrgh  StS^the  fSer-divlded 
to  the  highest  altitudes  studied.  Since  at  high  aiuj^u  do  not 

material  comprising  the  jet  is  not  ero  e  i  y  e  ^  material  arriving  at  the 
decelerate  greatly,  the  average  velocity  ^  the  »ss  "^eri 
target  are  appreciably  greater  than  at  ^’'.^^titudes.^ 

assumptions  concerning  the  P^ptorman  g  altitude,  and  (2)  the 

that  the  lethal  range  is  increased  pe  P  ^  (at  2000  ft  altitude) 

:“^Sdj"tt:  rrLnrrable^^itions,  and  target  da^ge  at  altitude 

can  be  expected  to  be  appreciably  more  severe. 

5,  Shaned-Charge  Liner 

-7ith  liner  material  only  slightly  less  important. 

a.  current  »ork  at  ^tTfoStlLdoff 

shaped  charges  has  includ^  a  ]^„dlng  aluminum,  magnesium,  copper, 

for  shaped  charges  of  various  mate  ■;  ..rs  on  B-29  structural  components 
steel,  and  cine  alloy)  and  of  various  ““"f  J”;  “  ,  "ihese  tests  have  sub- 
(inner  ving  panels,  bomb-bay  fe!g  ,  Reference  32)  that  the 

stantiated  conclusions  drawn  in  and  that  for  K-klll 

sice  and  material  of  “'it'lltmde  ftom  a  60-ft  standoff,  the  diameter  should 
structural  damage  at  2000  ft  alti  .  r.+  f  fighter  size  and  more  than 

be  more  than  6  in.  when  used  .  These  critical 

7,5  in.  when  used  against  aircraft  -  y  31  +  4.^^^^  as  a  consequence  of 

diameters  are  evidently  a  standoff,  which,  in  the  case  of  the 

— So^idt i- ^ff  ecu— 

Kf  tL°SScfl  rh:rgf  dLet;r  may  be  de;endent  upon  the  target 

size  and  construction. 
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b.  Optimum  liner  materials  include  aluminum,  magnesium, 
and  zinc  in  descending  order,  with  the  possibility  that  some  such  alloy  as 
alurainum-magnesium-silicon  may  be  superior  to  those  investigated  to  date , 

c.  Of  the  cone  angles  investigated,  a  120®  angle  (apex) 
appears  to  give  the  most  consistently  good  results  against  aircraft  structures . 

d.  Cones  of  smaller  angles  (80®  and  even  h$  )  have  higher 
initial  velocities, ’bui  break  up  into  more  finely  divided  material  which  at 
lower  altitudes  erodes  rapidly  in  the  airstream.  Small-scale  charges 

cones  did  not  demonstrate  the  excellent  terminal  effects  ttet  have  been 
for  mder-angled  (120«>)  designs  in  the  altitude  chamber.  An 

conducted  at  NOTS  indicated  that  an  equal-mass,  wide-angled  cone  (with  thickness 
increased  to  about  twice  normal)  produced  as  much  apparent  damage  to  a  b-^9 
fuselage  section  as  did  a  deep-coned  (ii5°)  charge,  but  required  a  longer  time, 
in  terms  of  milliseconds,  for  target  disintegration  from  time  of  initial  je 

impact . 

e.  At  a  60-ft  standoff,  average  velocities  of  20,000 

ft /sec  or  higher  are  consistently  achieved  with  the  largest  light-metal  coned 
charges.  At  low  altitudes,  however,  deceleration  due  to  the  f  , 

air  Ld  erosion  are  so  great  that  the  mean  velocity  begins  to  drop  off  rapidly 
at  ranges  greater  than  60  ft.  NOTS  l5-in.  aluminum-lined  J  f 

300-ft  standoffs  at  an  altitude  of  2li00  ft,  averaged  only  10,000  to  12,000 
ft/sec  in  spite  of  their  high  initial  velocities. 

f .  Liner  thickness  has  bean  explored  in  a  120  conical 
aluminum  configuration.  Thicknesses  up  to  2h% 

as  a  oercentape  of  explosive  diameter)  have  been  investigated  from  tte  stand 
point  of  both  the  character  of  damage  produced  on  f  ^  f 

structures  and  on  the  effective  average  velocity  of  the  jet.  It  was  determine 
that  liner  thicknesses  between  6  and  IC^'  produced  the  most  structural  damage 
Jn  te^rof  aJea  of  target  destroyed.  Velocity  of  the  jet  dropped  appreciably 

in  liners  thicker  than  IG^o . 

a.  Based  on  work  done  to  date,  it  appears  that  the  best 
liner  configurations  are  those  employing  aluminum  alloy  cones  wnh  a  120  apex 
r„rie  a"  IMclmasses  of  6  to  1C?,  with  tte  thicker  liner 
where  vreight  permits.  The  liner  diameter  should  be  approximately  8  in, 
insure  high  kill  potential  against  heavy  targets.  The 

should  exceed  h  although  detonation-wave  shaping  may  reduce  tnis  ratio  if 
properly  applied, 

6 ,  Problems  Associated  with  Usp  nf  Shaped  Charges  in  Bomarc 

a.  Shaped-charge  warheads  used  in  the  Bomarc  would  be 
1  nr" ted  inside  of  the  missile  skin  and  would  be  fired  laterally.  The  effec  ^ 
of  high-velocity  cross-wind  firings  on  shaped  charges  has  been  only  cursorily 
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studied  in  some  firings  at  NOTS  (ca.  where  small  2-in,-dla,  li5°-steel- 

cone,  shaped  charges  were  fired  transversely  from  a  sled  moving  at  about  1300 
ft/sec .  As  might  be  expected,  the  resulting  jet  fragments  were  dispersed 
in' a  wavelike  pattern  along  the  targets.  "Vaporifics"  were  not  investigated 
at  the  time  of  these  tests;  consequently,  there  is  a  continuing  need  for  the 
study  of  the  effects  of  high-velocity  translation  on  the  performance  of  shaped 
charges  against  aircraft.  It  is  assumed,  however,  that  the  wide-angled  cones 
described  above  \TOuld  be  superior  to  the  deeper-angled  cones,  because  the 
arrival  time  of  all  material  at  the  target  should  be  sufficiently  short  so 
that  the  jet  will  not  be  badly  dispersed  along  the  target. 

b.  The  second  potential  problem,  particularly  for  the 
shaped-charge  system,  is  the  possible  adverse  effect  of  the  covering  missile 
skin  on  the  formation  of  the  jet.  It  has  long  been  the  practice  in  the  design 
of  conventional  shaped  charges  to  avoid  placing  structure  in  the  ^th  of  the 
jet,  particularly  in  proximity  to  the  open  face  of  the  liner.  This  rule  has 
applied  primarily  to  penetrating  jets  and  weapons  where  there  is  a  possibility 
of  fuzes,  windscreens,  etc.  being  jammed  into  the  cone  at  impact.  However, 
it  is  thought  that  the  warheads  designed  for  the  111-99  interceptors  vrould 
probably  not  be  adversely  affected  by  the  0,090-in.  aluminum  missile  skin, 
since  the  "open  faces"  of  the  cones  will  be  sufficiently  far  from  the  skin 
(minimum  of  2,5  in.)  to  preclude  disruption  of  the  jet  during  the  initial 
formation  stages.  Verification  of  this  hypothesis  requires  ex^rimental 
testing,  although  indications  from  past  e’-:perirnents  are  that  little  or  no 
trouble  should  be  enoountered, 

7 ,  Methods  of  Emplo-dn-:  Shaped  Charge  in  Bomarc  System 

There  are  three  possible  approaches  to  the  utilization  of 
the  shaped  charge  in  an  anti-aircraft  missile:  The  first  involves  the  pointing 
of  a  gimbal-mounted,  large,  single  charge  so  that  it  tracks  the  target,  or 
rather  the  expected  target  intercept  point,  and  detonates  at  the  point  of 
nearest  approach.  The  second  involves  the  mounting  of  one  or  more  rings 
of  smaller  charges  normal  to  the  axis  and  around  the  periphery  of  a  cylin¬ 
drical  or  ogival  shell.  The  third  possibility  is  the  employment  of  helically 
oriented,  wedge-shaped,  fragment-beam  projectors  around  the  warhead  cylinder 
to  eliminate  the  gaps  in  the  multiple-jet  design. 

a,  Gimbal-Mounted,  Single  Shaped-Charge  Projector 

It  is  possible,  as  has  been  demonstrated  several  times 
against  various  representative  targets  (such  as  B-29s  and  F6Fs  on  the  ground), 
to  achieve  structural  K-kills  and  in  many  cases  over-kills  at  standoffs  as 
hic^h  as  300  ft  from  the  point  of  viarhead  detonation,  using  a  single,  large, 
shaped  charge  vfith  a  l5-in,-dia  aluminum  liner.  Since  the  single  charge  is 
comparatively  large  and  requires  accurate  aiming,  the  most  practical  method  would 
seem  to  be  the  gimbal  mounting  of  the  charge  mthin  the  missile  so  that  it  can 
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be  accurately  oriented  and  fired  at  the  most  opportune  moment.  To  date, 
little  has  been  accomplished  on  the  design  and  development  of  gimbal-mounted 
target-tracking  "warheads  because  of  the  extremely  difficult  problems  involved 
with  such  systems.  A  gimbal-mounted  Misznay-Schardin  system  for  the  Wizard 
Project,  using  a  3li-in,-dia,  500-lb  warhead,  is  described  in  Reference  3a.  _ 

In  that  design  study,  the  large  flat  disc  was  placed  within  a  set  of  electricallj 
powered  gimbal  rings.  The  electronic  equipment  associated  with  the  system  is 
complex,  sines  the  fire-control  problem  which  the  fuze  must  solve  is  particular¬ 
ly  difficult,  and  the  power  demand  at  the  time  of  actuation  appears  excessive, 

A  more  recent  ana:iysis  of  a  gimbal  system  for  shaped-charge  warheads  was  con¬ 
ducted  by  the  Ahrendt  Instrument  Company  under  a  BuOrd  contract  in  19a9“50, 

In  this  study,  two  major  problems  seemed  to  rule  out  the  use  of  the  gimbal 
system;  the  first,  as  mentioned  above,  was  the  excessive  power  demand,  and 
the  second  was  the  inadequacy  of  radar  angular  guidance.  Present  pov/er 
supplies,  as  exemplified  by  the  lightweight  propellant-gas-driven  APU  (auxiliary 
power  unit),  possibly  can  supply  the  energy  required  for  operation  of  a  gim- 
baled  system j  and  lightweight  high-strength  materials,  such  as  titanium  alloys, 
can  reduce  the  overall  power  requirements  by  lessening  the  inertial  mass  in 
the  moving  parts.  The  inadequacy  of  radar  angular  guidance  and  range  for 
training  the  gimbaled  head  has  been  attributed  to  the  rate  of  signal  return, 
which  is  inadequate  at  close  ranges  and  high  closing  rates,  and  also  to  the 
tendency  of  radar  toward  '’glii^ting"  or  "looking"  at  randomly  djfferent  parts 
of  a  complex  aircraft  target;  a  severe  problem  when  close  to  large  aircraft. 

It  is  possible  to  eliminate  this  restriction  by  employing  an  infrared  fuze 
detector  and  computer,  vrhich  however,  would  compromise  to  some  extent  the 
desired  all-weather  capability  at  low  altitudes  (below  30,000  ft).  It  is 
impossible  to  estimate's  kill  probability  for  this  type  of  warhead  without  a 
detailed  design  of  its  control  system.  It  has  been  notedin  Reference  35, 
however,  tliat  a  probability  of  destruction  (Pj^)  of  0.75  might  be  attainable. 

This  results  almost  entirely  from  the  fuzing  and  control-system  errors,  I 
the  fuzing  and  aiming  limitations  are  for  the  moment  assumed  to  be  satisfactory, 
a  gimbal-mounted  warhead  system  for  the  advanced  Ili-99(  )  Boraarc  could  con¬ 
ceivably  be  designed  along  the  following  general  lines: 

(l)  The  "warhead  proper  could  consist  of  a  10-  to  15- 
in,-dia,  wide-angled,  thick  metal  liner  backed  by  sufficient  explosive  to 
provide  a  C/M  ratio  of  approximately  Ii.,  a  loiv  but  satisfactory  ratio  for  these 
diameters.  The  liner  configuration  can  be  in  several  forms.  However,  a 
successfully  demonstrated  design  utilizes  an  aluminum  alloy  liner  in  the 
form  of  a  cone  of  120°  included  angle,  with  a  thickness  of  10%  of  the  ^ 
diameter.  The  warhead  case  would  be  designed  in  a  hemispherical  or  ellipsoidal 
shape  to  conserve  weight,  and  devices  such  as  lightweight  air-void  wave 
shapers  would  be  used  within  the  explosive  for  increased  efficiency.  It  is 
conceivable  that  an  efficient  "warhead  design  would  weigh  approximately  IW  to 
l50  lb,  depending  upon  the  liner  diameter.  The  remaining  h$0  to  500  lb  is 
available  for  the  gimbal  rings,  gimbal-drive  jet  motors,  power  units,  guidance 
and  computing  equipment,  and  warhead- training  electronic  equipment.  The 
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electronic  fire-control  equipment  and  the  associated  servos  will  actual^ 
determine  the  final  design  of  the  warhead.  If  high  accuracy  of  aim  is  maintained 
under  conditions  of  intercept,  then  the  charge  can  be 

above  for  maximum  target  lethality.  However,  aim  is  all-important  with  this 
type  of  shaped-charge  warhead,  since  the  jet  is  confined  to  about  a 
maximum  spread,  regardless  of  warhead  size.  At  60  ft  the  ^ 

is  hence  only  approximately  31  in.  across,  increasing  to  about  9h  in.  at  a 
l80-ft  standoff.  The  use  of  convex-shaped  Misznay-Schardin  c^rges  woula 
increase  this  spread  considerably  (e.g.,  32  =2  ft  In  *  ^0  spr^d 

at  a  60-ft  standoff),  but  the  resulting  target  damage  would  be  considerably 
less  than  the  concentrated  damage  obtained  with  the  shaped  charge, 

(2)  The  gimbal-ring  assembly  with  the  warhead  mounted 
at  its  center  might  be  packaged  in  a  20-  and  22-in. -dia  space,  leaving  ^ple 
space  fore  or  aft  of  the  gimbals  for  mounting  electronic  components,  ihe 
fuze  detector  would  of  necessity  be  located  in  the  missile  nose  at  the  tip  oi 
the  radome,  with  the  infrared  sensing  head  located  in  the  center  oi  the  no  . 
Since  the  I/R  unit  can  be  quite  small  (2.5  in.  in  dimeter,  10.0  in. 
maximum  length)  it  could  be  located  at  the  apex  of  the  rad^e  if  the  a^rration 
effect  is  not  too  severe.  For  maximum  efficiency,  the  warhead  should  be 
?ri"pered  when  the  least  missile  structure  is  in  its  path.  This  requires  t^t 
the^'warhead  "look"  at  its  target  at  all  times,  and  preferably  fire  just  befo 
the  missile  makes  its  nearest  approach.  Since,  at  nearest  approach,  the 
mlssllB  is  elthei  inside  or  abeam  of  the  target,  the  warhead  sh^d  fire  at 
angle  with  respect  to  the  longitudinal  missile  a:as  of  60  to  120  ,  provide 
that  the  gimbal  cage  is  centrally  located  in  the  warhead  compartment, 

Seating  to  cage  Lr  either  end  of  to  compartment  would  shift  the  cone  of 

efficient  fire. 

b.  Multiple-Shaped-Charge  Harheads 

A  second,  and  more  readily  achievable  type  of  steped- 
charge  warhead  system  for  the  IM-99(  )  is  one  employing  multiple  rows 
radiSlly  projectS,  shaped  charges  or  Misznay-Schardin, 

beams,  ^ELentiaUy  this  system  involves  the  disposition  of  a  n^ber  of  hap 
charge  cones  about  an  annulus  of  high-explosive  elements  provided  ith 
means  of  initiation  that  will  cause  the  detonation  front  to  approach  each 
cone  nomally  and  as  nearly  simultaneously  as  possible.  Detonation  of  the 
warhead  results  in  the  production  of  a  high-energy,  almost  unidirectional 
stream  of  hypervelocity  fragments  from  each  of  the  cones  in  a  plane  nearlj 
f^nuatorial  to  the  missile.  The  projection  angle  of  the  high-velocity  _ 
(15,000-20,000  ft/sec)  "equatorial"  side  spray  from  the  shaped  charges  oriented 
at  90°  with  rescect  to  the  missile  axis  is  almost  independent  ox  the  initial 
nroiection  velokty  of  the  shaped-charge  jet,  and  only  slightly  more  dependen 
on  to  fomird  velLity  of  to  primary  miasile.  The  follo-wlng  table  firsts  to 
initial  angles  of  departure  of  shaped-charge  jets  over  the  wide  range, 
possible  missile  velocities  and  shaped-charge  jet  velocities,  witn  reference 
to  the  longitudinal  axis  oi  the  If'-99(  )* 


Page  30 


Ill  ’.ferhead  Design  and  Lethality  Estimates,  C  (cont.) 


Report  No,  991 


Case  No, 


Angle  of  Departure  with 
Initial  Velocity  of  Respect  to  Missile 

Velocity  of  IM-99(  )  Shaped-Charge  Jet  Axis 

V  >ft/sec  Vp»ft/sec  arctan 


10,000 

10,000 

l5r000 

15,000 

20,000 

20,000 

30,000 

30,000 


17' 
750  58 « 
86°  11' 
80°  32' 
87°  8' 
82°  52' 
88°  5' 
85°  ill' 


Assuming  that  the  individual  useful  fragments  comprising  any  jet  have  a 
velocity  gradient  as  great  as  10,000  to  30,000  ft/sec  (which  is  only  remotely 
possible),  the  additional  induced  angular  spread  of  the  jet  along  the  line 
of  flight  would  be  approximately  9°  when  the  primary 
is  2500  ft/sec  (the  worst  condition)  and  only  when  Vjj^  is  1000  ft/sec. 

Since  most  shaped-charge  liners  used  for  antiaircraft  applications  are 
wide-angled,  however,  the  velocity  gradients  will  undoubtedly  be  much  less, 
probably  about  5000  ft/sec,  or  equivalent  to  an  induced  directional  spread 
of  about  1  or  2°,  It  can  be  seen  that  the  concentration  of  the  ijet  on  the 
target  will  hence  be  comparatively  tight,  even  when  the  relative  veloci  les 
of  the  missile  and  target  are  high,  as  in  a  head-on  attack, 

(1)  Warheads  designed  around  multiples  of  shaped 
cliarges  present  certain  problems  that  are  unique  to  this  tp  of  ortonce. 

The  jnajor  problem  is  that  of  charge  initiation,  particularly  when  the  ^e^ig 
calls  for  an  annular  arrangement  of  explosives  and  more  than  one  row  0  c  , 
It  has  been  determined  in  experiments  idth  pairs  of  shaped  charges  placed  in 
proximity  to  each  other  that  the  earlier-fired  charge  can  adversely  afgct 
the  adjacent  charge  to  the  extent  of  completely  destroying  its  jet.  Thi 
time  lag  between  adjacent  charges  can  be  critical  when  the  delay  is  only  a 

Tt  l  TicroLoni.  .ince  in  an  explosive,  the  detonation  wave  proceeds 
at  about  l/3  in.  r>er  microsecord.  Therefore,  for  optimum  performance  from 
a  warhead  using  multiples  of  shaped  charges,  whether  individually  packaged  or 
using  a  conimon  explosive  backing,  it  is  considered  imperative  that  the 
detonation  wave  approach  each  liner  normal  to  its  transverse  axis  and  aU 
liners  as  nearly  simultaneously  as  possible.  Mltiple  shapec-charge  war¬ 
heads  having  a  common  center  (i,e.,  solid,  hemispherical  shape)  have  no  _ 
unusual  initiation  problems.  The  generally  annular  arrangement  is 
^OT  the  IM-99A  systems,  which  must  provide  both  arming  safety  on  the  detonator 
and  near-simultaneous  initiation  for  as  many  points  as  there  are  cones  in 

the  head* 
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(2)  Two  methods  for  achieving  near-simultaneous 
initiation  have  been  successfully  demonstrated  with  multiple  stepd-cterge 
warheads:  one  method  using  low-energy,  high-quality  electric  detona^rs  wired 
in  series  and  fired  by  a  discharge  from  a  high-capacity  condenser,  a^  the 
other  using  accurately  cut,  equal  lengths  of  Primacord,  which  are  all 
initiated  from  a  single  detonator.  In  consideration  of  arming 

least  complexity,  the  latter  system  should  probably  be  used  ^  . 

warheads,  although  the  degree  of  simultaneity  may  not  be  as  ^ 

electrical  system.  Extreme  care  and  some  properly  planned  developmental 

testing  will  probably  be  required  to  insure  that  the  Primacord  system  ml 

tocUon  ^ely/  A  single  safety  and  amlng  device, 

cation  of  the  device  designed  for  the  T-33,  mil  serve  as 

between  the  electrical  detonator  and  the  complex  network  of  Primacord  leads 

and  required  booster  charges, 

(3)  Perhaps  the  most  serious  factor  affecting  the 

lethality  of  a  multiple-jet  shaped-charge  warhead  is  the  pp  existing  between 
adiacent  jets.  High  probabilities  of  hit  are  favored  by  large  numbers  of 
jeL  so  tiat  the  gap  between  the  "spokes"  is  slight.  Hcwrever,  ^eight  and 
space  limitations  of  the  IM-99(  )  warhead,  plus  the  assumed  need  at 
least  8-in,-dia  individual  liners  greatly  restrict  the  number  of  jets  that 
can  be  produced  from  the  warhead,  ^^ile  it  is  theoretically  P'^^sible  t 
accommodate  52  8-in.-dia  liners  in  a  cylindrical  warhead  shape  35  m,  in  _ 
diameter  and  35  in.  long,  representing  the  IM-99(  )»  the  attendant  explosive 
weight  and  allied  structure  and  initiation  system  to  insure  adequate  p  - 
foianoe  would  make  such  a  warhead  exceedingly  heavy.  Desi^  stupes  show 
that  it  does  not  an.^ear  possible  to  package  more  than  30  8-in.  ^ 

mately  2°,  reduces  the  gap  distance  between  adjacent  areas  of  irapac-  to 
ft  at  60  ft  and  31.3  ft  at  180  ft  standoff. 

(li)  With  the  objective  of  attaining  maximum  efficiency 
in  the  multijet  shaped-charge  warheads  for  the  IM-99(  )  nnd  IM-99A,  and  still 
rLSning  wiJhin  the  weight  limitations  of  600  and  300 

designs  shown  in  Figures  l6  araJ  1?  have  been  prepared.  The  following  basic 
liner  and  explosive  configurations  were  selected; 

Cone  material;  Aluminum  alloys  202U-T,  20]J^, 

356,  or  h0l43  (Type  apparently 
not  critical) 

Cone  configuration;  Wide-angled  cone^having  120 

apex  angle,  straight-side, 
uniform  wall  thickness  6  to 
IC^  of  explosive  diameter 
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Cone  size:  Minimum  8-in.  dia  for  use  against  bomber-size 
targets 

CAI  ratio:  h  to  6  appears  adequate  (based  on  Misznay-Schardin 
studies  by  Carnegie  Institute  of  Technology; 

Explosive!  Composition  B,  6oAO  ^ 

explosives  such  as  75/25  Cyclotol  or  Octol 
became  available  in  quantity 

(5)  Design  studies  have  shown  that  it  is  impractical 

to  attempt  annular  construction  of  either  the  advanced 
IB-SI9A  warhead  using  a  common  explosive  tacking,  since  even  maxima 
disposition  of  explosive  immediately  behind  each  cone,  J  >1;.  jh™ 

explosive  can  he  accommodated  along  the  cone  axis  because  of  weight  iMltations. 
A  more  efficient  approach  for  the  IM-99  warheads  is  the 

"projectors,''  as  shown  in  Figure  16,  each  consisting  of  an  8-in.-dia,  120  ,, 

0  S-in.-thick  (6,25$)  aluminum  alloy  cone;  an  ellipsoidal-shaped,  thin, 

staiS^ss  steel  case!  containing  about  ^ -5 ^ 
ratio  of  6);  and  a  booster  cup  and  Primacord  adapter.  Each  individual 
nmipctor  charge  may  be  cast-loaded  through  a  l,7-in.-dia  hole  at  the  base, 

I  l^P-in.-long!  5/8-in ,-<iia  tetryl  booster  is  accommodated  in  the  screw-on 
base  closure, ^which  also  provides  a  firm  attachment  for  the  Prainacord 
SuiatorSd.  Thirty  sSch  projectors,  ten  for  each  of  three  rows,  the  rows 
Staggered  to  give  a  spiral  arrangement  with  12°  between  cone  center  lines, 
sre  accommodated  in  the  600.1b  IH-99(  )  configuration 
30-in.-dia  and  an  overall  length  of  30  in,  A  centra  cavity  ^ 

HnamAa+PT"  is  available  for  insertion  of  the  Primacord  network  and  the  S-and  k 
dpvice  The  300-lb  IM-99A  warhead  accommodates  l6  of  these  projectors  in  a 
foTn^iilf  172n.yong  Lsembly  (Figure  17).  In  this  warhead  the  individual 
charge  projectors  are  nested  closely  together  to  keep  the  overall  leng 
to  an  aLolute  minimum,  and  are  arranged  so  that  the  jet  center  line 

22,5°  apart, 

(6)  Initiation  systems  for  the  two  warhead  designs 
are  similar,  A  Primacord  network  system  emamting  from  a  single-point  so^ce 
attached  to  the  missile  S-and-A  unit  is  used  in  both  assemblies.  To  assur 
the  maximum  probability  of  simultaneity,  all  Primacord  booster  paths  are 
equal  in  length  and  precautions  such  as  cutting  all  Primacord 
spool  to  insure  uniformity  etc.  are  requDU-ed.  Each  ^qual-lengh 
iLd  is  attached  to  hubs  surrounding  a  disc-shaped  oetryl  booster,  T^  three 
rtpsicn  for  the  6oO-lb  warhead  has  two  such  hubs,  each  accepting  13 
SImfcort  lei  Each  hub  Is  iu  turn  connected  by  equal-length  Primacord 
SS  to  a  central  booster  initiated  by  the  S-and-A  device.  All  l6  P^J^macord 
leads  on  the  300-lb  two-row  head  are  attached  directly  to  the  central  booster 
on  the  S-and-A  device.  The  functioning  time  is  dependent  on  the  total  lengt 
of  any  path  (i.e.,  S-and-A  booster,  intermittent  Primacord  leads,  hub  booster, 
Prim^ord  lead  to  projector,  projector  booster,  and  mam  projector  charge). 
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The  detonation  Impulse  will  proceed  approximately  at  0.3^  /"/{“oserfor^^” 
Comp.  B,  0.2U6  in./miorosec  for  Prtoacord  and  at  Lnoe 

Sor:™M  ^  r?r?7.2  mlcrosec  -d^nversely  If  values  were  all 
1000  ft /sec  slower,  it  would  increase  to  only  microsec, 

c,  Helical-Wedge  Shaped-Charge  Projector 

A  third  type  of  shaped-charge  warhead  system,  which 

:Stii:  sfi"  rnSiiurpi^i-^:?  r  "Isri  Sorew. 

head."  Linear,  =!-PJ^  '^Ind^Jn^xISI^rcS.  Ild"  ifr^ecenJly  in 

Sdnincrii 

'^^'"the^BStisr "Diablo"  (described  briefly  in  Reference  3^),  which  spread 
It  ^  so  widely  as  to  be  almost  valueless.  Recent  experments  at 

interceptors • 
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8.  Shaped>Charge4iarhead  Lethality  Estimate 

a  The  basic  assumptions  used  in  determining  the 
for  the  35-proJector  =hap«d-oterge  wt«ad 
and  the  l6-projector  warhead  proposed  for  the  IM-99A  are 

(1)  90^  of  the  target  presented  area 

to  an  8-in.  shaped-charge  projector,  subject  to  the  fol  ow  g  a  i 
degradation . 

(a)  At  sea  level,  the  8-in.  shaped-charge 
projector  Is  conservatively  assumed  lethal  to  a  range  of  at  least  ft. 

(o)  At  30,000  ft  altitude,  the  8-in.  shaped- 
Charge  projector  is  conservatively  asscned  lethal  to  a  range  of  at  least 
ft, 

(c)  At  60,000  ft  altitude  and  above,  the  8-in. 
shaped-charge  projector  is  lethal  to  a  range  of  at  least  3M  ft. 

(2)  The  "average"  target  is  assumed  to  a  dmen- 

sion  of  20  ft  along  an  arc  of  Istablishes'a  ^Letric  Imitation 

If  Lrgf»”s1=  °i^  wtlf  f  SJsf  iXTSte  target  to  fly 
unharmed  between  two  adjacent  jets, 

h  The  lethality  estimates,  based  on  the  above  assumptions, 
in  Fi^ire  19  S Tfiiticn  of  the  actual  miss  distance  for  both 
tfe  fol^of^r  BW(  )  am  the  l6.projector  IM-99A  warheads. 

c  KiU  probabilities  are  determined  by  the  same  method 

as  used  in  the  eval^tion  o^;"tfTnrarasr™i^rnc^^^^^^^  ’  ' 

f).  Based  on  a  guidance  shaped-charge  warheads  are 

the  mxiMm  m-9^  )  warLd  and  in  Figure  21  for  the  ffl-99A 

rupS^rforciirionsf  “  Zr.  ttan  16  charges  can  be  incorporated. 

The  multiple -jet,  shaped-charge  head,  in  addition  to 

,et  effect,  foti^s Jhl  s^SLfwuf 

Comp.  B  filler,  which,  because  of  P  equivalent-weight,  point- 

probably  have  a  greate^  hlart  ef  ect  ban  ^  ,,, 

initiated,  external  blast  ^narg  .  .n,.  ^aller  miss  distances,  should 

high  over-pressure  blast,  at  of  structure  and  by 

f Cnusf  Jacmr  fefn  ^U^Hly  excluded  from  the  kll  probability 

estimates . 
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D.  CLUSTER,  OR  SUBMISSILS,  WARHEADS 

Cluster  warheads  eject  a  pattern  of  sulanissiles  which  may  be 
categorized  according  to  the  characteristics  of  the  submissiles  as  follows: 

Unstabilized,  unpropelled 
Stabilized,  unpropelled 
Stabilized,  propelled 
Propelled  and  guided 

The  unstabilized,  unpropelled  submissiles  include  the  "spigot-projected"  block 
munitions,  as  typified  by  the  Bomarc  T4;14  warhead  being  developed  by  the  Air¬ 
craft  Armaments  Company,  and  the  ball-shaped  units  in  a  propellant  matrix  or 
canister  shot  system  under  development  by  the  Rheem  Manufacturing  Company, 
Stabilized  unpropelled  submissiles  include  drag-plate  or  fin-stabilization 
types.  The  stabilized,  propelled  submissiles  include  the  fin-stabilized 
rocket,  or  a  spin-stabilized  rocket  as  typified  by  the  Crossfire  weapon 
proposed  by  the  Aerojet-General  Corporation,  The  most  refined  version  of  a 
submissile  includes  both  propulsion  and  limited  guidance  in  addition  to  stabili¬ 
zation. 


1,  Cluster  Warheads  Considered  for  IM-99(  ) 

a.  Unstabilized  Blocks  (Spigot-Projected,  Omnidirectional 

Fuzes) 

Each  cluster  unit  as  designed  foi'  the  T-hb  warhead  con¬ 
tains  2,9  lb  of  HBX,  has  a  cylindrical  fuze  well,  a  central  cylindrical  spigot 
adaptor  well,  and  a  thin  aluminum  box -like  case  with  welded  seams, ^  The  radial 
velocity  of  projection  of  each  unit  is  about  100  to  UOO  ft/sec,  which,  con¬ 
sidering  the  velocity  of  the  primary  missile,  means  that  the  angle  of  pro¬ 
jection  with  respect  to  the  missile  flight  path  is  small.  For  example,  when 
lauziched  1^00  ft  from  the  target,  from  a  missile  traveling  2^00  ft/sec,  the 
ring  of  cluster  units  is  about  l80  ft  in  diameter  by  the  time  it  reaches  t^'e 
target.  Also,  because  of  the  box  shape  of  the  subnissile  with  its  attendant 
high  drag,  the  launching  missile  is  always  ahead  of  the  subniissiles  in  flight 
and  reaches  the  targe'c  area  before  the  submissiles.  This  factor  will,  on  the 
average,  increase  the  miss  distance  between  the  target  and  the  submlssiles  at 
low  and  intermediate  altitudes.  These  effects  are  discussed  more  fully  in 
the  fuzing  section  of  this  report,  ^Therein  the  effects  of  ejection  velocity  are 
considered.  The  primary  disadvantages  are  the  apparent  difficulty  of  penetrat¬ 
ing  heavier  targets  to  permit  internal  blast,  as  indicated  in  the  Reference 
25  tests,  the  requirements  for  omnidirectional  fuzing  of  the  blocks,  and  the 
difficulty  of  missile  fuzing.  There  is  also  a  moderate  parasitic  weight  per 
unit.  The  principal  advantages  are  the  comparatively  large  nuiiibei'  tliat  can 
be  carried  (as  many  as  90,  5  •O'* lb  units  in  a  practical  assembly)  and  the 
relatively  large  explosive  charge  (2,9  lb  of  HBX)  per  unit,  which,  when 
successfully  detonated  internally  will  cause  K-kill  damage  to  most  targets. 

The  problem  of  developing  a  reliable  all-vrays  acting  fuze  with  safety  and 
arming,  target  sensitivity,  and  built-in  self  destruction  is  quite  difficult. 


IraL 
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The  Reference  28  fuze-feasibility  study  includes  tentative  designs  for _ an 
electro*ohanical  and  consideration  of  a  seconda^,  purely  mectenioal 

fuze  to  meet  the  submissile  requirements.  The  properly  designed  submissile 
fuze  should  have  the  follovring  characteristics: 

(1)  It  should  prevent  submissile  functioning  if  the 
warhead  is  accidentally  fired  on  the  ground  prior  to  flight. 

(2)  It  should  partially  arm  during  the  28-sec  boost 
phase  (acceleration  up  about  5  g  only),  unless  arming  is  provided  by  the 
primary  missile  S  and  A« 

(3)  It  should  complete  arming  during  the  short  but 
high  acceleration  (about  lltOO  g),  submissile  ejection  phase. 

(ii)  It  should  permit  all-ways  functioning  regardless 
of'  the  angle  of  impact  or  the  strength  or  thickness  of  the  target.  It  should 
also  permit  internal  or  in-surface  bursts,  depending  on  submissile  case 
design  or  amount  of  high  explosive  carried, 

(5)  It  should  oreferably  orovide  for  self-destruction 
after  a  suitable  time  interval, 

(6)  It  should  be  completely  contained,  hermetically 
sealed,  and  have  no  external  parts , 

As  can  be  seen,  the  omnidirectional  fuze  must  meet  stringent  requirements, 

StTimant'ef  satisfactory  ccliabiliy  and  »!--Wlity  wall  be  accord  ngly 
difficult.  The  force  for  initial  partial  arming  is  weak  from  die  standpoint 
the  fuze-mechanism  design,  yet  arming  safety 

nossible,  of  course,  to  have  ground  safety  by  mechanical  or  electric  1 
interruption  of  the  ejection  system.  Individual  unit  safety,  however,  can- 
not  then  be  guaranteed.  The  fuze  proposed  in  Reference  28  meets  conditions  (1), 
(3),  (5)»  (6).'  provide  ground  safety  or 

delay  firing  for  internal  bursts. 

b.  Stabilized  Blocks  (Spigot-Projected  Unidirectional 

Fuzing,  Drag-Stabilized) 

The  methods  of  achieving  block  submissile  staoility, 
as  outlined  in  the  Reference  2?  feasibility  study,  would _ remove  one  of  the_ 
maior  problems  of  the  block  cluster-warhead  concept  by  simplifying  the  omni¬ 
directional  fuze-function  requirement.  Drag  stabilization,  however,  would 
tend  to  annreciably  increase  the  deceleration  of  the  already  poor  aerodynamic 
shapes  and  to  add  to  the  kinematic  fuzing  problem,  resulting  in  a  serious 
degradation  of  the  cJ.ust'^r  warhead  due  bo  prii:!-rr‘,y  missile  fuzing. 


Page  37 


Up  mil 


Ill  Y/arhead  Design  and  Lethality  Estimates,  D  (cont.)  Report  No.  991 

c,  Fin-Stabilized  Submissiles  (Possibly  Rocket-Propelled 
or  Spigot-Ejected) 

These  submissile  types  are  characterized  by  high  length- 

to-diameter  ratios  and  long,  slender  explosive  “ 

siiiioler  fuzing  and  greatly  increased  loenetration  abilities  (Reference  . 

ThP  disadvantages  include  a  low,  radial  velocity  component  common  to  all 
unpropelled  suLissiles  with  the  consequent  primary-missile  fupng_  degradation, 

and  tL  requirement  for  deep  penetration  to  get  all  the  explosive  inside  th 
target  structure  —  a  fuzing  delay  problem, 

d,  Spin-Stabilized  Submissiles  (Cross fire -Type  Cluster 
Y/arhead) 

(1)  The  concept  of  a  Crossfire-type  weapon  as 
develoned  bv  Aerojet,  and  outlined  In  Heference  9,  has  been  applied  to  the 
wloof  )  vShead.  Figures  22  and  23  aho/i  typical  configurations  lor  such  a 
warhead.  Spin-stabilised  submissiles  should  be  given  a  high  ini  la  ®  j. 

tte^eave  tie  launching  missUe  to  prevent  Instability  arising  /  ^e^lt  of 

(b)  that  the  submlsslle  be  either  a  gun-t^e  projectilyr  a  ‘ 

rpii!stSSfedt:h:rM^STh:“i&“?he:i  oa;aci;y  possible  aM  only 

THs  followinp  tabls  indicates  the  effect  oi  caiioer  on  nign 

TtwiS  1^90  jr-i'crisiSriorflgiiatlon, 

Reference  9) • 


Round 

Diameter 


1,7^ 

2,00 

2.25 

2.75 


Burned  Wt  of  Round 

_ lb 

1.21 

1.92 

2.87 

li.lO 

7.U0 


height  of  HBX 


Approximate 
No,  of  Rounds 
in  Warhead _ 


0,235 

0.372 

0.557 

0.795 

l.hh 


(2)  An  example  of  the  projectile  and  of  the  launcher 
to  be  used  in  the  Crossfire  cluster-type  warhead  are  shown  in  Fibres  2h  an 
25  for  the  38--  about 

i5”f  SrrrSad“ lor  striture  oth.r  than  the  launcher  tubes. 
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annroximately  275  submissiles  could  be  packaged  in  a  configuration  similar  to 
the  one  shown  in  Figure  22.  A  similar  configuration  for  119  submassiles  of 
the  2,00-in,  size,  each  containing  0,557  lb  of  HEX,  is  shown  in  Fipire  3, 

These  submissiles  achieve  a  velocity  of  about  1250  I't/sec,  which  w 
in  a  forward  cone  and  added  vectorially  to  the  velocity  of  the  mis  si  /  P  " 
duces  a  significant  striking  energy.  It  is  Pfsitle.  through 
launchf^r-tube  angle  and  the  variation  of  the  initial  velocity  of  the^ 
missile  (a  characteristic  of  the  motor  design)  to  select  the  appropriate  cone 
of  dispersion  considered  most  suitable  for  the  primary  missile  fuze, 

(3)  To  summarize,  the  principal  advantages  of  spin- 
stabilized  cluster  units  lie  (a)  in  their  improved  and  proven  , , 

penetrate  heavy  aircraft  skins  and  detonate  internally,  ^ 

simple,  submissile  fuze  aming  and  functioning,  and  (c)  in  high  velocity, 
added  to  that  of  the  launching  platform.  The  disadvantages  of  such  a  system 
are  (a)  the  high  parasitic  weight  for  the  weight  of  high  explosive 
(b)  possible  instability  problems  in  supersonic  cross-wiixl  firing,  and  ^c; 
the  fuzing  problems  associated  with  submissile  acceleration, 

e.  Guided,  Propelled  Submissiles 

(1)  Some  consideration  was  given  to  the  possibilities 
of  using  a  small,  infrared-guided,  spin-stabilised  aerial  torpedo,  as  lUustra- 
ed  in  figure  26.  Such  a  projectile  vrould  be  fired  from  a  lovr-i^ssure  8™; 
^^oJ^affS?  shAn  in  FigSre  27;  and  a  group  of  8  to  12  such  ^ 

their  launching  guns  might  be  packaged  in  ?  configuration  such  ^  that  shoro 
in  Figure  28  for  the  IM-99(  ) .  The  projeciule  would  have  a  short  nose  sec  lo 
mountSg  four  control  vanes  and  the  infrared-seeker  pidance  equipment.  The 
significant  features  of  such  a  projectile  are  as  follows; 

(a)  Yaw  control  of  the  projectile  by  parallel 

angular  displacement  of  the  commutated  two  (or  four)  vanes 

the  fuze-seeker  computer,  so  that  the  course  deflection  is  caused  by  p  - 

oSsSg  thr^ojeotile  to  develop  aerodynamic  body  lift  and  a  lateral  component 

of  thrust, 

(b)  The  use  of  a  short-burning,  high-impulse 
propellant  to  obtain  maximum  controlled  lateral  displacement, 

(c)  The  use  of  a  high-scanning-rate  search 
detector  so  that  accurate  angle  and  angular  rate  data  are  available  for 
navigation . 
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(2)  Design  analysis  proceeded  to  such  a  point  that 

(a)  The  projectile  appears  mechanically  feasible 

to  develop 

(b)  Aerodynamic  control,  with  some  modification 

of  the  vanes  appears  feasible 

(c)  A  careful  analysis  of  the  avionic  com¬ 
ponents  required  for  the  control  system  indicates  that  approximately  fwr 
times  as  mSch  space  is  required  to  package  the  electronic  gear  as  is  now 
available  for  the  present  configuration. 

(3)  The  conclusion  was  reached,  therefore,  that  the 
current  state  of  the  art  and  the  expected  developments  during  the  developmen 

time  scale  for  the  IM-99(  )  are  such  that  the  guided  J^^o 

appear  feasible  for  application  to  the  present  program.  Consequently  no 

further  evaluation  was  performed  on  this  submissile, 

2 ,  Methods  of  Evaluation  and  Required  Assuinptior.a 

a.  All  submissiles  considered  for  cluster  warheads  to  be 
used  in  the  Bomarc  armament  system  contain  a  charge  of  high  explosive.  on 

are  presented  prior  to  a  detailed  discussion  of  the  particular  cluster  war 
heads  considered  for  Bomarc. 

b.  The  distribution  of  submissiles  may  be  considered 
as  a  forward-thrown ‘projectile  beam,  since  the  cluster  warheads  to  be 
considered  have  a  comparatively  low,  submissile,  radial  ejection  velocity 
f about  100  to  hOO  ft/sec),  and  must  therefore  be  fired  at  a. considerable 
LLdoff  from  the  target  to  enable  the  ring  of  submissiles  to  reach  optimum 

diameter . 

c.  The  method  for  evaluating  the  effectiveness  of  such 
f^rwArd-throm  oroie*ctiles  is  outlined  in  a  British  report  (Reference  22). 

In  that  analysis,  it  was  assumed  that  the  "fragments"  are  thrown  forward 
S  Honrlse  axis  is  the  axis  of  the  warhead  such  that  at  any  instant 
fViov  ATP  distributed  uniformly  throughout  a  circle  oi  radius  R,  which  i 
Srht  spotion  of  that  cone.  The  iJA-type  cluster  warhead  fits  this  ^^sump- 
ttL  Quite  well,  since  it  is  proposed  that  the  90  submissiles  be  ejected  in 
more  than  ohe  ring.  Tumbling  of  the  unstabilised  blocks  will  cause  chem  to 
brranUomirdistrfiuted  in  a  circle  of  radius  equal  to  the  radius  of  the  out- 

side  ring. 

SEOpGSEir 
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d.  The  probability  of  a  hit  on  an  area  I  if  it  lies  in 
the  fragment  zone  is 


“IF 

1  e 

If  the  rms  guidance  error  is  cr  then  the  probability  of  the  vulnerable 
area  lying  in  the  fragment  zone  is 


1  -  e 

Therefore,  the  overall  hit  probability  becomes  ^ 

(nA.)! 

(nR^)  **2  0*.  2 

p  a  e  L  ••  e 

This  equation  mav  be  applied  directly  if  a  constant  radius  of  projectiles 
^suSl'snes  i‘s  to  bfoonsidored.  hit  probaWUty  is  when 


Therefore,  the  optimum  radius  of  projectiles  is 


lopt) 


2  n  cr 


and  the  maximiun  attainable  hit  probability  becomes 

_[  Tt  A 

V  2  rr  0-^2 

P  =  1  -  e 
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These  last  two  equations  are  plotted  versus  the  factor  nil  various  valu 

of  O'/,  in  Figures  29  and  30. 

Q  __ 

e  It  may  be  noted  that  the  use  of  I  as  the  presented 

area  of  the  target  will  yield  calculations  of  hit  probability  on  that  presente 

ra.”™  ^S\:e^/vuanerabl.  areaa  fo.  A-  or 

calculation  of  such  a  kill  on  the  target.  If 

the  presented  area  of  the  target,  then  the  expected  number  of  hits  on  this 
presented  area  may  be  shown  as 


"^(opt) 

The  determination  of  the  optimum  radius,  permit  calculati 

the  kinematic  relationships  beWeen  standoff,  cone  angle,  and  radial  ejection 

velocity  of  the  submissiles  or  projectiles, 

f  Vulnerable -area  curves  were  obtained  from  Reference  12 
frhr  B4i7  and  from  Reference  11  for  the  Type  37  aircraft,  FoUowii^ 
a“e  of  tta  iorf i^^rtanffactors  ,-Mch  lead  to  the  developnent  of  vulnerabil- 

ity  concepts; 

(1)  The  size  and  performance  capability  of  the 
target,  as  reflected  in  the  efficiency  and/or  redundancy  of  the  structural 

layout , 

(2)  The  altitude  at  which  the  attack  is  conducted 
in  determining  possible  degradation  of  explosive  effects. 

(3)  The  fuzing  of  the  submissile,  with  particular 
emphasis  upon  the  increase  in  lethality  of  a  successfully  mined  submissile 
relative  to  surface  burst  charges, 

(h)  The  target  penetration  capability  of  the  sub¬ 
missile  as  a  combined  effect  of  target  skin  thickness  and  type,  hnpact 
obliquity,  impact  velocity,  submissile  case-to-charge  weight  ratio,  and 
case  design  including  fuze  protection  provisions. 

The  scope  of  available  and  reliable  data  on  these  effects  is  not  large, 
particularly  when  modern  and  possible  future  targets  are  considered. 

Hence,  assumptions  are  required  ./hen  Warhead 

considered  either  quantitatively  or  comparatively  to  optim 

design. 
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e  The  evaluation  of  submissile  lethality  becomes  more 
complicated  when  multiple  hits  are  to  be  considered.  Previous  weafon  evalua^ 
studies,  such  as  those  summarized  in  References  5  through  9,  have  treated  the 
multiple-hit  case  by  assuming  no  damage  accumulation,  and  considering  eac 
projectile  as  if  it  were  the  only  hit.  In  a  y  optimization 
Lsiptions  impart  an  obvious  bias  of  unknovm  magnitude  toward  the  higher 
warhead  charge  weights.  While  the  extent  of  this  Mas  is  ^ 

extremely  few  multiple-hit  tests  have  ever  been  conducted,  it  is  considered 
likely  that  the  effect  on  the  calculated  "optimum"  charge  or  prooectile  may 
be  appreiiable.  Some  consideration  has  been  given  to  this  in  the  8 

study  by  presenting  effectiveness  data,  not  only  in  terns  of  kill  proMbility, 

but  also  in  terns  of  the  expected  number  of  hits  and  the  The 

weight  of  high  explosive  placed  in  the  presented  area  of  the  target,  ine 
derivation  of  a  vMid  theory  for  correctly  evaluating  the  problem  of  mltiple 
hi'us  with  high-explosive  projectiles  is  not  feasible  at  present  because  of 
the  lack  of  experimental  data. 

h.  Physical  significance  may  be  given  to  the  vulrerable- 
area  curves  previously  mentioned  by  a  reviev;  of  the 

conducted  at  Davis-Monthan  AFB,  Arizona,  daring  the  spri^  of  W55.  In 
■tests,  8-29  aircraft  sitting  on  the  ground,  were  subjected  to  raterrol,  sur 
face,  and  internal  statically  fired  bursts  from  various  ^  % 

variety  of  high-explosives,  both  cased  and  uncased.  Since  the  targets  were 
statioLry  and  only  static  charges  were  fired,  no  direct  data  were 
on  the  effects  of  altitude  or  djiiamic  impact.  The  following  conclusi  , 
reached  after  inspection  of  the  test  aircraft,  correl^e  generally  with  the 
vulnerable-area  concepts  presented  in  References  11  and  U* 

(1)  These  tests  support  the  theory  that, to  con¬ 
sistently  produce  structual  kill.s  on  aircraft  of  the  B-29  type  with  a  s^gle 
M^^he  bLt  should  be  Internal  and  of  at  least  1  lb  of  an  explosive  such 

HBX  or  H-6.  To  obtain  consistent  K-kill  assessments  throughout  th 
alr^ftrincMlng  tte  large-volume  feselage  strictures  ahd  tM^eo 
Srtions’such  as  the  empennage,  “Ohe  explosive  is  us^Uy 

j  /s-F  0  or-  Th'i  Single  internal  bursts  of  less  than  i  io  can  kiii 
aircraft  if  they  detonate  in  critical  regions  such  as  the  pilot  comparteent  or 
in  small  tightly  confined  spaces  such  as  wing-spar  boxes.  This  raphasizes 

thft  tL  area  vulnerable  to  a  small,  fractional-pound  charge  is  quite 
low  compared  to  the  area  vulnerable  to  charges  of  2  lb  or  more. 

(2)  External  surface  bursts  of  charges  of  8  lb  of 
H-6  were  necessary  to  oroduce  structural  kills  equivalent  to  those  obtained 
?^om  irte™u-y  tost  charges  of  2  or  3  lb.  An  exception  exists  in  the 

n-T  ft  ih  rharpes  stratec'ically  placed  about  the  empennage  section, 

^fll  extoLfblS^s  (S  l“ib  or^Ls)  in  contact  with  the  stoace  repeatedly 
failed  to  severely  damage  the  aircraft  structure  unless  the  charge  was 
criulSy'SSe^  The^hreshold  -valuo  for  exte.-nal-surface  burst  charges^^ 
for  accomolishinc  a  required  level  of  iamage  appear^  to  range  fr  m  ^ 

S  a^e  Joslvi  such  as  H-6  or  HBX.  These  tests  .:ould  appear  to  agree  vath 
previous  estimates  (Reference  19)  that  three  to  five  times  as  much  explosive 
is  required  if  static  surface  bursts  are  to  compare  vath  static  internal 

detonations.  Page  143 
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i  This  last  consideration  leads  to  the  comparison  of  in- 

terml  and  external ’bursts .  An  adequately  thick  and  properly 

nf  hiPh-oualitv  metal  is  required  to  penetrate  heavy  aircraft  stnicti^es  with 

oit\1eXe  L™  0?  all  or  of  the  warhead 

fuzing  failure  from  defoliation  at  target  impact. 

are  employed,  the  fuse  mist  provide  for 

of  the  hieh-explosive  filler  before  a  major  fraction  of  the  suttnissile 
deflagrates  or  breaks  up.  Some  preliminary 
Reference  10,  suggest  that  a  significant  Increase  in 

when  a  surface  burst  is  used  to  obtain  the  same  damage  level  ^ 

mined  charge.  Reference  8  notes  the  possibility  of  a  At 

surface  bursts,  and  thereby  suggeets  a  much  smaller  degradation  factor. 

the  conference  of  17  January  1955  at  BHL,  a  factor  of 

surface  bursts.  A  factor  of  2.0  is  quoted  in  Reference  11.  To  bracket _tne 
possible  range  of  this  factor,  it  is  assumed  that  the  charge 
Leased  1.5  and  5.0  times  to  obtain  surface-burst  equivalent  to  interna 
burst  damage ,  The  effect  of  the  relative  motion  of  the  exploding  i 

u;^n  t"gc  inflicted  on  the  target  »st  also  be  to  modify  he 

effectiveness  indicated  by  static  firings.  This  te^tive  motion  re s^t  i 

case. 

3  ^  Evaluation  of  Cluster-Type  .Varheads 


a  The  unstabilized-block  submissiles  of  the  T-lih  type 
and  the  Crossfire,  rfhf  Tf  .r 

a''’:a?e"Sa  ifn  0  °t  SSllJcussS  Si  f^ragriph  III.D  1.  Accordihgly, 
a  SSitraXls  was  made  of  these  two  types  using  the  method  and  assump- 
tions  presented  in  paragraph 

b  The  T-iil-type  cluster  warhead,  because  of  the^use  of 

thin  aluminum-skinned  blocks,  may  be  oonservatl^vely  as^d  “f 
thieve  damage  by  near-external  or  In-surface  blast  effect.  It  is  consequenoiy 
Sded^f  discussed  In  the  previous  section,  by  we^ht  of  h  gh 

Ssive  by  the  factors  1,5  and  5.0.  in  order  to  compare  it  directly  with  sub 
missiles  achieving  their  damage  by  internal  blast, 

c.  Maximum  attainable  values  of  kill  probability 
T  iiii  and  5l-inm  Crossfire  warheads  are  computed  for  both  the  Type  37  an  .e 
^-^7  targets^cr  altitudes  of  30,000  and  60,000  ft.  for 
target  aspects,  and  for  a  range  of  pidance  errors  from  20 

devLtion.  The  results  of  these  calculations  for  <r^  hO,  60,  and  00  are 
shov/n  in  Tables  III,  17^# 

'Waraic  vaTTs  used  here  is  defined  as  the  vector  angle  between  the  target 
LbmSsile  velocities.  As  a  result,  the  side  loads  imposed  on  the  sub- 
miLile  while  entering  the  target  are  considerably  increased,  particularly 

for  a  frontal  or  side  impact. 

Page  *4^1 
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d.  If  the  Type  37  target  is  considered,  the  5l-ram 
Crossfire  type  provides  a  higher  kill  probability,  at  all  values  of 

error,  than^Les  the  modified  T-Uii  cluster  warhead  if  the  latter  is  ^ieg^^ded 
b^r^actor  of  more  than  about  3.0.  .7b.en  the  B4i7  target  is  considered,  the 
5l-nim  Crossfire-type  cluster  is  superior  to  the  modified  T-UU  warhead  for 
any  given  set  of  conditions,  regardless  of  the  degrading  factor  used. 

e.  A  lethality  comparison  of  the  Crossfire-type  cluster 

warheads,  considering  the  Type  37  aircraft  as  a  tarpt,  is 
and  32,  (The  5h0-lb  weight  shown  in  these  figures  has  allowed  60  lb 
s?— .)  Although  the  curves  are  quite  flat,  there 
maintaining  a  minunum  of  0.5  lb  of  high  explosive  per 

standpoint,  the  selection  of  a  slightly  heavier  ThL- 

servative  if  the  vulnerability  estmates  should  prove  to  be  in 
fore,  only  the  5l-mm-dia  (2.00-in,)  Crossfire  submissile,  ulth  0.557  lb  of 
HEX,  is  compared  with  other  types  of  cluster  warheads, 

f.  Hit  probabilities  for  a  uniform  distribution  of  hO, 

90  120,  180,  and  300  submissiles  Trere  calculated,  using  , 

areas  The  results  are  shown  in  Table  VI.  It  should  be  noted  that  multiple 
hits  may  be  expected  with  cluster-type  warheads,  assuming  they  are  optimally 

fuzed . 

p  It  should  be  particularly  noted  that  these  calculations 
present  the  maxlin™'posslble  perforaanoe  whic-h  may 

type  warheads,  assuming  that  the  orimary  missile  guida  fuzing  is 

■inri-i rated  errors,  that  there  is  no  submissile  slowdown,  and  that  fuzing  i 
oSiS^  1orthr;n“unter.  If  the  submissiles  either  lag  behind  the  p^ry 
SsSle,  as  in  the  T-!rU-type  warhead,  or  lead  the  f 

Crossfire  type,  the  miss  distance  of  the  primary  missile  is  not  that  of  the 
submissiles?^  The  cluster  centroid  miss  distance  is  then  a  function  of  the 
kiSmatics  of  the  particular  encounter.  A  discussion  and  evaluation  of  these 
errors  is  presented  in  the  subsequent  fuzing  section. 

h.  The  maximum  attainable  kill  probabilities  for  the 
T-hh  warhead,  computed  for  a  greater  range  of  guidance  errors  than  that  shown 
in  Tables  II,  III,  and  IV,  are  plotted  in  Figures  33  to  hO. 

i.  It  can  be  shown  that  a  consideration  of  the  primary 
missile  fuzing  vdll’degrade  these  maximum  attainable  kill  probabilities, 
SrticulaS)  »hen  the  lubmissile  either  lags  behind  the  primary  miesala  as  in 
the  case  o/unpowered  submissiles,  or  Hies  ahead  of  the 

*n  the  case  of  the  rocket-propfelled  Crossfire-t^e  sutaissile. 

tion  effect  is  more  serious  at  low  altitudes.  A  discussion  of  this  effec 

presented  in  paragraph  IV, B.  An  indication  of  the  ®  °  BRrReoort 

Lc^radation  can  be  obtained  from  Figure  Ul,  from  an  unpublished  BRL  Report 

(courtesy  of  Mr.  Don  Hall).  It  can  be  f  p"  Lgrade 

•.roT'+if’al  dive  aoDroach,  the  inclusion  of  a  150-ft  cr  p  luzing  erroi  j.  j, 
the  kill  probabilities  from  9  to  ICf^,  at  altitudes  above  30,000  ft,  depending 
on  the  number  of  submissiles  and  ejection  velocities  considered. 
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E  ,  FRAGMENTATION  AND  EXTERML-BIA3T  WARHEADS 

Fragmentation  warheads  considered  here  include  only  controlled- 
fragmentation  systems  producing  generally  cubical  (or  spherical)  fra^mts, 
excMing  special  forms  such  as  the  continuous  rod,  the  Misanay-Schardin, 
etc,  which  are  discussed  elsewhere, 

1,  Vii].nerability 

a  For  fragments  of  the  ’’conventional"  type,  the 

vulnerable  components  are  usually  limited  to  the  f-^'VlIhrkrj^v'te 
personnel.  Criteria  for  establishtag  minimum  fragment  lethality  nmy  be 
readily  deteimined  v.-ithout  excessive  uncertainty,  except  possibly  in 
the  case  of  fuel  fires, 

h.  Since  the  IM-99(  )  is  designed  for  use  against 
ciiiph  as  the  Tvne  37  and  its  successors,  which  can  reach  altitudes  above  65,000 
K  wterel^^lScroaMh  pressurization  and  pressure  suits  will  he  required, 
lt*mav  aopeS’  that  fragmentation  warheads  would  be  particularly  attrac  1/ 

Tt  ndpTint  of'lnducing  "explosive  decompression"  of  ^e  or™  c^part- 
mLt.  In  this  case,  the  entire  pressure  cabin  area  may  be  subject  to  attach. 

TV,  KaMi-ifv  th^t  a  single  fragment  perforation  will  induce  explosive 
I  V^h^  :rrcabif’^dSends Vh  the  altitude  p^ssure  di«-n  ial. 

Co  Since  some  target  components  are  sufficiently  vulnerable 
to  fragments,  a  more  detailed  examination  of  the  fragmentation  warhead  for  the 
Ti-QQ  Is  warranted.  The  following  discussion  includes  (1)  the  design  of  th 
600-lb  fragmentation  warhead  from  the  standpoint  of  optimum  cAl  ratio,  (2)  me  h- 
“  ft  Suing  fragmentation  control,  and  (3)  expected  effectiveness. 

2,  Basic  Design  of  600-lb  Fragmentation  Vfarhead 

It  is  assumed  that  the  maximum  damage  effectiveness  will 
be  obtained  from  a  warhead  producing  the  greatest  number  of  highly  lethal 
individual  fragments.  Since  it  is  impossible  to  have  both  great  numbers  of 
fra^eSrarf  iigh  weight  and  velocity  of  individual  fragments  in  any  given 
warLad  envelope,  there  remains  a  weight  relation  between  the  explosive  and 
the  fragmentable  metal  where  the  highest  effectiveness,  expressed 
frLment  energy  for  a  given  amount  of  explosives,  can  be  realized.  It  is 
then  feasible^to  define  an  optimum  design  balance  relating  the  explosive  weig 


Ill  Viarhead  Design  and  Lethality  Estimates,  E  (cent.) 


Report  No, 951 


to  the  frasmentable-case  weight  (G^)  11  the 

for  which  the  maxim™  kinetic  energy  is  imparted  ^ 

equal-mass  fragments.  Thia  is  not  to  be  construed  to  be 

that  can  be  im^rted  to  any  one  fragment,  where,  of  course,  logic  dictates 

that  very  high  C/M  ratios  will  be  the  rule . 

a.  The  following  assumptions  are  used; 

(1)  The  Gurney  empirical  relation  of  initial  velocity 

as  a  function  of  C/M  is  representative  of  fragnenting  warhead  which 

are  generally  cylindrical,  with  a  length-to-diameter  ratio  greater  than  uni  y. 

(2)  The  variation  in  fragment  deceleration  as  a 

result  of  aerodynamic  drag  for  equal-ross  =  ^!hytude 

velocity  range  considered  here  Is  neglected  by  assuming  only  high  altl 

bursts , 

(3)  Of  the  600  lb  allowed  for  the  warhead,  10^  (or 
60  lb)  vdll  be  devoted  to  structure,  leaving  C  +  M  =  ^1^0  lb. 

b  In  the  curve  shoTO  in  Figure  hZ,  the  initial  velocity 
is  plotted  as  a  function  of  the  C/M  ratio,  according  to  the  empirical  rela  ion 

attributed  to  Gurney; 


where  n/1e  is  8800  ft/sec  for  Comp.  B  high  explosive, 

c.  Figure  1;3  shovrs  the  total  mass  of  fragments  plotted  as 
a  function  of  the  C/M  ratio,  vThere  C  +  :  =  ^hO  lb. 

d  In  Figure  UU,  the  total  kinetic  energy  available  in 
controlled  fragments  is  plotted  as  a  function  of  C/M,  based  on  the  curves 
mentioned  above  and  the  relation  for  kinetic  energy; 

ke  =  m!  or’i^  n-lb 

I®  “  2g 

Referring  to  Figure  U.  for  the  600-lb  warhead,  the  maxim™  effici^oy  occurs 
at  a  C/H  of  about  1.5,  where  initial  velocity  is  approximtely  82M  ft^ec 
according  to  the  Gurney  relation,  which  is  considered  valid  in  this  region 

of  the  c/m  ratio. 

e  At  the  optimum  C/ii  ratio  of  1.5,  the  600-lb  Iivi-99(  ) 
fragmenting  warhead  would  accommodate  216  lb  of  fragments,  which,  expressed 
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as  120-erain  cubes,  constitutes  some  12,600  individual  fragments.  ^^e 
“rSad^e“  SSried  to  produce  a  unlfom  pattern  of  30“  rtdth,  and  functioned 
“rfeotirat  t  actual  mlL  dletance  of  60  ft.  the  target  would  receive  1.08 
hits  per  sq  ft  or  a  hit  every  0,92li  sq  ft, 

3,  Best  Methods  of  Obtaining  Fragmentation  Control 

a.  Several  systems  capable  of  varying  degrees  of  con¬ 
trol  have  been  developed  for  the  creation  of  fragments  in  the  desired  size 
ranges .  llethods  for  the  production  of  fragments  suitable  for  antiaircraft 
warLad  use  are  discussed  below  in  the  approximate  order  of  chronologicax 
development : 

(1)  Notched-Ring  Fragmentation  Control 

This  system,  ’.vhich  probably  first  appeared 
in  wire -wrapped  bombs,  consists  of  notching  one  side  of 

re.'nilar  intervals  so  that,  under  the  impulsive  loadi^  existing  at  the  time 
o/detonation,  the  wire  rings  will  break  at  the  notches. _  Variations  of 
this  method  have  appeared  on  the  Navy's  Sparrow  and 
using  internally  notched  square  wire  arranged  in  discrete  hoops 
stacks  of  which  are  furnace-brazed  into  ogival  or 

nthpr  tvoes  of  eiTilosive  ordnance  use  a  continuous  spiral  of  externally 
SefSre  hel^^fogelher  by  a  thin  outer  shell  or  other  mechanical  means. 

ThP  nrimarv  difficulty  V'ith  the  notched-wire  method  lies  in  the  preponderance 
of  cha^f  L  small  waste  fragments,  nroduced  by  the  material  in  the  vicini  y 

of  the^notch.  The  furnace-brazed  warheads  further  to 

to  create  fragment  clusters  if  the  inter-ring  braze  is  sufficiently  stron. 

make  the  warhead  a  structurally  integral  shell. 

(2)  Grooved  Explosive  Charges 

This  system,  which  originated  in  the  United 

Kingdom  (Reference  13),  was  subsequently  develo^d  by  the 

GroLd  and  more  recently  by  the  Naval  Ordnance  Test  otation,  Inyokern 

^Reference  lli)  in  connection  v^ith  the  2uni  and  Sidewinder  program  . 

SSstrof  placing  a  thin  preforned  plastic  (or  rubber)  ^er  inside  a 
section  of  mild  steel  tubing.  The  "fragliner" _ has  a  regular 
identations  in  the  fom  of  staggered  rovis  oi  simple  cavities.  ;  . 

grooves  the  surface  of  the  explosive  filler  when  the  erplosive  is  poured 
fn^Hhe  shell.  This  system  works  well  on  thinner-walled  casings  (maximum 
tolcVneL  of  lA  in.)  and  produnes  a  high  ^rcentage  of  exp  osavej,  cut 
fraau-nts  c'  the  apr^roximate  size  and  weight  desired.  The  o'^imar,  aavanuage 
nffS  svstem  is  low  cost.  However,  the  liiiiitation  of  casing  thickness 

?ocSonal  tendency  for  either  "overoontrol"  or  "multiple  fragments" 
are  disadvantages  for  larger,  maximum-efficiency  systems. 
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(3)  Cast-On  Fragmentation  Pattern 

The  warhead  case  is  foundry— cast  into  a  pattern 
vrhich  grooves  either  the  inner  or  outer  wall  as  desired.  The  pattern  may  be 
shell-molded  for  high  producibility  and  accuracy,  and  the  case  can  be  founded 
in  either  steel  or  the  better-grade  cast  irons  such  as  nodular  iron.  Aerojet- 
General's  experience  with  this  system  indicates  that  best  perprmance  can  be 
obtained  with  an  externally  grooved,  biased  (ItS®  to  the  _  longitudiml 
deep-notched  pattern.  This  system  is  suitable  for  readily  producible,  high- 
strength  warheads,  but  it  requires  additional  research  and  development.  In 
particular,  this  system  may  also  be  subject  to  certain  limitations  on  charge- 
to-metal  ratio  and  thickness-to-radius  ratio, 

(i|)  Embodied-Mesh  Fragmentation 

A  foundry  method  is  used  in  which  the  matrix, 
either  molten  steel  or  iron,  is  poured  over  a  specially  coated  ste^-wire 
mesh  having  wires  on  center-to-center  distances  of  tne  desired  fragment 
size.  This  system  works  well  in  certain  sizes,  but  it  is  apparently  sen¬ 
sitive  to  the  diameter  of  the  warhead  and  possibly  to  the  . . 

ratio.  Like  the  cast-on  pattern  method,  this  system  has  a^high  producibi  i  y 
and  low  cost,  but  must  be  tailored  carefully  for  each  application. 

{$)  Precut  Fragments 

The  most  successful  aporoach  to  complete  control 
of  fragment  size  and  shape  is  the  pre-forming  of  the 

attachfne^  them  in  some  way  about  the  explosive  charge,  and  providing  ^her 
to  Lintain  warhead  integrity.  This  pre-cut  fragment  m^hod  is  _ 
currently  used  in  the  NIKE  1  warheads  and  is  the  basis  of  the  earner  version 
of  the  T-33  warhead  for  the  Bomarc  IM-99.  These  tifo  warheads  b^h  use 
structural  shells  of  steel  or  aluminum  between  which  the  ^dividual  f ragmen  s 
are  imbedded.  The  developers  of  both  warheads  have  considered  metal  or 
Sasufmatrlces  to  provide  protection  for  the  fragments  from  shock-wave 
interaction  that  can  cause  spalling  of  the  individu^  c^es  A  . 

refinement  of  the  pre cut -fragment  concept  has  been  developed  by  Aerojet-Gener  1 
tor  thrslin.-dia,  l50-lb  warhead  for  the  MX-2117  Bird  Dog  air-to-air  missile, 
fnd  for  the  1100-lb  T-h?  fragmentation  warhead  for  the  NIKE  B,  These  war¬ 
heads  probably  represent  the  present  state  of  the  art  in  the  refineme^  o 
CO ntr oiled-fragmentation  warheads,  and  provide,  in  addition  to  complete 
control  of  size  and  direction  of  fragments,  a  high  struct^al  strength  ior 
a  minimum  of  parasitic  weight.  The  cubical,  low-carbon  steel  fragients  are 
laid  on  an  internal  shell  of  epoxy  resin  reinforced  with  glass  fibre.  The 
resin  is  spread  into  the  interstices  between  the  fragments,  ana  an  outer  shell 
for  an  intermediate  shell,  with  double  walls j  is  laid  up  direct^  over  the 
Lapments  Epon  (epoxy)  resin-to-aluminura  chemical  bonds  provide  high  end- 
alSert  besides  affording  complete  control  vdth  the  least  weignt. 
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the  olastic  lavup  also  provides  a  built-in  thermal  barrier  vrtiich  reduces 
possibility  of  premature  detonation  from  the  high  aerodyiiamic  heating  charac¬ 
teristic  of  supersonic  missiles.  The  plastic  lay-up,  precut  sj^tem  been 

evolved  into  a  production  technique  for  "laying  up"  many  sizes 

each  warhead  (approximately  20,000  for  the  T-U9,  for  example)  .  Fra^nt  sizes 
are  usually  such  that  steel  vdre  may  be  procured  in  special  mill  runs,  or 
parallelepipeds  cut  from  standard  wire  sizes  could  be  used. 

b.  To  summarize,  the  current  trend  is  toward  the  use  of 
the  hif^hest-efficiency  systems  (plastic-precut)  with  increasing  fragment  sizes, 
tareLed  cLt  is  usually  a  secondary  consideration  whan  compared 
v/ith  the  overall  cost  of  the  vehicle. 

Effectiveness  of  Optimum  Fragmentation  Jarheads  as  Designed 
for  Bomarc 

The  following  tabulation  of  the  principal  pertinent  data  has 
been  prepared,  based  on  computed  kill  probability  as  a  function  of  head 
5ze,  C/Tratlo,  associated  blast,  fragment  size,  etc,  and  all  based  on  the 
B  29  airplane  as  the  target.  These  kill  probabilities  are  based  upon  perfect 
fuzing -^hat  is,  it  is  assumed  that  the  fuze  functions  at  the 
iethalitv  As  noted  in  Reference  U,  however,  these  kill  probabilities  have 

St“5;ced\rproxlmately  one-fourth  to  one-third  ^^ob  bmt°i  s 

tareet  variability  on  fuze  functioning.  In  addition,  these  kill  probabiiiti 

to  A^agel  not  Mamage,  aa  required  for  the  Bomarc,  ana  an  some  cases 

they  include  an  assumed  bomb  load, 

a  The  variation  of  the  warhead  shape  and  method  of 
initiation  are  optimum  in  the  estimates  used  in  this  table.  In  investigating 
Se  e«eSs  3  SaJ^e-to^etal  ratio,  it  has  been  found  that  an  average  C/M 
of  1.9  represents  a  sound  design  compromise. 


A-Kill,  Pk  2-min  R-Kill, 


Ref . 

19 

Warhead 
Wt  (lb) 

600 
(C/M  = 

1.9) 

Frag.  Alt. 

=  60  ft 

cr^  =  60  ft 

Remarks 

30 

60 

120 

30,000 

30,000 

30,000 

.933 

.929 

.ij71 

30^  fragment  beamj 
2Hnin  kill  -  struc¬ 
tural,  blast,  both 
pilots,  or  3  or  h 
engines 

16 

17 

300 

(cAi  =  3) 

132 

39,000 

.130 

+  7,5°  frag,  beamj 
no  bomb  vulnerable 

17 

300 

(C/M  =  3) 

132 

39,000 

.923 

+  7.9°  frag,  beam; 
LC  bomb  vulnerab].e 

17 

300 

132 

39,000 

.830 

+  7,9°  fragment 
beam;  2  h000--Lb 

LC  bombs  vulnerable 
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b.  If  fuel  vulnerability  and  bomb  load  are  neglected, 
then  these  estimates  based  on  B-29  vulnerability  may  be  considered  applicable 
to  the  Type  37  target. 

c.  The  preceding  table  clearly  reveals  that  while  the 
most  efficiently  designed  fragmentation  warheads  can  have  fairly  high  A-kill 
probabilities  and  even  respectable  K-kill  probabilities,  the  conditions  requ 
to  achieve  this  performance  are  incompatible  with  the  aavanced  Bomarc  require¬ 
ments.  To  achieve  the  airframe  structural  damage  required  for  a  K-kill,  the 
fragment  concentration  and  velocity  would  have  to  be  increased  to  a  P^int 
impossible  to  obtain  in  fragmentation  warheads.  Special  cases,  where  both  the 
concentration  and  velocity  might  be  increased  to  desired  levels,  are  discussed 
in  other  sections  under  the  Misznay-Schardin.  shaped-charge,  and  continu^s-rod 
systems.  Hence,  conventional  fragmentation  warheads  for  the  advanced  Bomarc 
appear  incapable  of  meeting  the  minimum  kill  probability. 

Ebcterna3.-Blast  Contribution 

a.  It  has  been  concluded  in  Reference  20  (as  a  result  of 
extensive  static  firings  against  stationary  aircraft)  that  for  large  warheads 
(in  excess  of  50  lb),  controlled-fragmentation  warheads  are  better  tton 
external-blast  types  against  large  bombers.  The  Reference  18  analysis 
assessing  the  A-kill  probability  of  an  1100-lb  fragmentation  warhead  con- 
taining  600  lb  of  Comp.  B,  against  a  B-29  target  at  30,000  ft  altitude  and  at 
a  err  of  60  ft,  gives  a  0.238  probability  of  A-kill  lor  blast  alone,  as 
compared  with  an  overall  assessment  of  0.770  for  fragments  and  blast  comoined. 
This  amoears  to  be  somewhat  at  variance  with  earlier  results  derived  in  ^ 
References  20  and  21  (based  on  extrapolations  of  blast  conto^  data  obteined 
from  static  ground  firings  against  lighter  aircraft  such  as  the  A-20  and 
B-17)  which  predicted  that,  under  the  above  conditions  and  assuming  perfect 
fuzing,  a  600-lb  external-blast  warhead  should  give  an  estimated  Pk  m  excess 
of  0.75.  It  is  considered  that  these  earlier  (1?50)  estimates  are  super- 
seded  by  the  work  reported  in  Reference  18  and  that  this  discussion  indica  es 
a  correct  ordering  of  fragmentation  and  external-blast  warheads  in  A-kill  _ 
capability.  For  the  advanced  Bomarc  warheads,  however,  only  IC-kila.s  are  being 

considered. 

b.  An  additional  consideration  relative  to  external- 
blast  warheads  as  potential  K-killing  agents,  particu^rly  when  used  in 
conjunction  vdth  controlled  fragmentation,  is  that  all  testing  thus  far  h 
taken  place  under  less  than  realistic  conditions.  The  effects  of  relative 
target-missile  motion,  gust  loading,  etc.  have  not  been  sufficiently  teste 
for  modern  high-perfoimance  airframes,  and  the  mechanijn  of  target-blast 
interaction  is  not  well  known.  It  is  known,  however,  from  the  conduct  of 
certain  restricted  experiments,  that  means  exist  for  the  enhancemen  o  ^ 
pffect  from  cylindrical  or  annular-shaped  warheads  by  the  use  of  mul.i-point, 
nearly  simultaneous  initiation  so  that  the  time  of  detonation  is  reduced 

a  minimum.  Since  the  impulse  available  is  primarily  a  function  of  the  mass 
and  type  of  explosive  used,  regardless  of  disposition. ^the  only  means  of  in¬ 
creasing  blast  effect  (for  external-blast  applications;  is  to  increase  oh.  pea. 
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overpressure  by  accomplishing  the  production  of  detonation  ^  , 

short  a  time  as  possible.  Of  the  current  warhead  designs,  the  annular  and/ 

divided  types,  slch  as  those  used  on  the  T-33  Bomarc  and  the  Talos  ^^^heads, 

probably  Resent  the  most  difficult  initiation 

the  standpoint  not  only  of  blast  production,  but  also, 

purpose  of  these  warheads,  the  production  of  a  continuous -rod 

raents.  The  incorporation  of  multi-point  initiation,  using  series-connected, 

low-energy,  high-quality,  electric  detonators  with  a  ^ 

source  such  as  a  pre-charged  capacitor,  would  accelerate  detonation  time 

increase  blast  effect,  and  at  the  same  time,  would  probably  resolve  may 

the  fragment  and  rod  directional-control  and  tumbling  in 

encountered.  liiese  improvements,  havever,  may  be  ^®°t£r 

bringing  the  effectiveness  of  these  warheads  up  to  predicted  levels,  rather 

than  leading  to  large  improvements  in  lethality, 

c.  To  summarize  the  role  of  the  external-blast  warhead  for 
the  IM-99(  )  application,  it  is  believed  that  no  matter  how  well  this  warhead 
d“lmed;  Se  rapid  fclloff  of  blast  effect  as  a  function  of  »!==  di=ta^. 
particuSrly  at  high  altitude,  rules  out  the  conventional  external-blast  type 
of  warhead  as  an  aircraft  structural  kill  agent  for  the  I960  era . 

6,  Conclusions 

In  reviewing  the  various  fragmentation  warheads  for  their 
ability  to  meet  the  criteria  established  for  the  optimum  IM-99(  )  advanced 
Bernal  i?  is  seen  that  no  fragmentation  type  (excluding  the  special  cases  such 
as  Misznay-Schardin  or  continuous-rod)  can  meet  the  requirements  for  a  K-kill 
of  the  structure.  Fragmentation  warheads  which  cause  numerous,  discrete,  a 
randomly  located  perforations  of  aircraft  structure  ^^^111  an  airplane  but 
nrobably  not  in  5  or  30  sec  as  required.  It  has  been  shown  ttet  eve 
"optimum"  design  which  produces  over  12,000  120-grain  fragments  over  a  com¬ 
paratively  narrow  arc  of  30°  can  produce  at  best  only  about  1  fragment  per 
souare  foot  at  60  ft  from  the  point  of  burst.  This  calculated  average  “ 
quency  of  1  hit  per  square  foot  is  of  course  quite  optimistic,  being  depends 
orSeJfect  fuzing  perfect  warhead  design  and  functioning,  complete  elimination 
of  fragment  clusl;r^  no  loss  of  fragments  to 

■instantaneous  initiation,  etc.  %en  it  is  realized  that,  for  a  miss-distanc. 
dispersion  of  60  ft,  about  of  the  bursts  mil  be  at  a  greater  range  than 
60  ft  (up  to  180  ft),  it  is  evident  that  the  resulting  fragment 
tribitlon  and  the  accompanying  effect  of  the  blast  from  the  32li-lb  high- 
exnlosive  charge  is  rapidly  attenuated,  thus  reducing  the  probability  of 
destroying  the  target  far  below  acceptable  values  when  peripheral  condition 

of  attack  are  involved. 

It  is  therefore  concluded  that  fragmentation  and  external- 
bla-t  warheads  do  not  appear  capable  of  developing  sufficient  K-damage  letteli  y 
nripr  the  conditions  and  guidance  errors  specified  for  the  Bomarc  air-defense 
system  These  warheads  do,  hovrever,  appear  to  have  good  A-damage  capability  if 
mlnSXility  is  assumed,  as  shown  in  Figures  and  16.  High-altituae 
mzhTlTlhe  targets  and  the  use  of  luel  inerting  systems  or  nuclear  power 
planS  .mi  elliLte  moat  of  this  vulnerability,  hce,over,  leaving  only  the 
crew  and  povrer  plants  as  vulnerable  elements , 
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IV.  mRHEAD  FUZING-SYSTEM  STUDIES 
A,  GENERAL  DISCUSSION 

1.  The  basic  requirement  for  a  proximity  fuzing  system  is 
that  It  be  capable  of  detonating  Its  associated  warhMd  at 
the  missile  trajeotoiy  for  which  the  probability  of  kill^g  a  8 
marimised.  To  accomplish  this  requirement,  the  fusing  systan  for  the  Mma 
S£iSr«;ft  g^lded^oisslle  must  perform  most  of  the  basic  J 

fire-control  s^ten  of  an  all-weather  manned  f^ehter,  since  to  lett^ity 
of  the  missile  warhead  does  not  depend  on  contact  fusing.  These  fire  control 

functions  include 

a.  Sensing  the  target's  immediate  presence 

b.  Computing  the  optimum  firing  time,  exterior 

ballistic  data  of  the  warhead  as  modified  by  other 
inputs  from  the  missile  sysi/em 

c.  Generation  of  the  firing  impulse  at  the  proper  time. 

These  functions  are  examined  for  selected  conditions  indicative  of  the  per- 
?™nf:  objectives  of  to  guidance  system  for  the  m-99(  )  f 

opntors  As  noted  earUer  in  the  frarae-of-reference  study,  it  is  desiraoie 
ttet  the  fuzing  and  guidance  systems  be  segregated  insofar  as  practica  le. 

2  In  a  sense,  the  fuzing  and  warhead  systems  must  co^ensate 
for  inherent  inaccuracies  in  the  missile  guidance  or  homing  sys  em  w  ic 
cLrito  to  ^e  target  miss  distance.  Consequently,  the  fuzing  system 
to  a  LSnt  degree  to  piobability  that  the  warhead  will  hit 

the  target. 

1  The  principal  parameters  In  the  design  of  a  proximity-fuse 
aystem  for  an’antUto^aft  g^ider»isslle  such  as  Bomarc  may  be  summarised 

as 

a.  Missile  velocity  and  maneuver  capabilities 

b.  Target  velocity  and  maneuver  capabilities 

c.  Changes  in  these  over  the  operating  altitude  of  the 
missile 

d.  Probable  miss  distances  between  Bomarc  and  target  due 
to  terminal  guidance  errors 

e.  Fragment  or  submissile  velocity  and  dispersal  patterns 
of  the  Vifarhead 
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f.  Variations  in  the  approach  angle  between  the  Bomarc 
and  its  target  due  to  tactical  considerations. 

mth  these  basic  design  parameters  established,  the  faction  of 

system  is  the  processing  of  sufficient  and  accurate  infor^tion  on  the  dynami 

rLationships  of  the  terminal  encounter  between  the  missile  and  target 

rapidly  enough  to  permit  a  solution  of  the  fire-control  problem  and  detona- 

t£n  the  mrhead.  In  addition,  for  a  gimbaled-  or 

the  fuzing  system  must  also  provide  continuing  gui^nce  i^ormation  for 

;varhead  in  addition  to  calculation  of  the  time  of  detonation. 

ii,  Tvro  general  tj^es  of  fuzing,  "collision  fuzing"  and  ’’lead 
fuzing  "  may  be  distinguished.  Collision  fuzing  assumes  that  f  me  basic 

lead  »gle  or  direction  of  fire  io  , 

the  fuzing  computer  is  the  calculation  of  the  fuzing  time 
detonation  at  the  one  instant  when  the  preset  condition  is  first  satisfied. 
Lead  fuzing,  on  the  other  hand,  is  based  upon  the  continuous  calculation  o. 
t^e  proper  lead  angle.  Hence,  there  is  a  tme  inter’/al  ^ring 
ing  Ly  occur  at  any  instant.  Lead  fuzing  is  more 

fllfing  since  a  continuous  knowledge  of  the  dynamic  or  kine^tic  relation 
ships  between  all  of  the  moving  masses  is  required  to  solve  the  fire  contr  1 

problem# 

K  In  either  case,  the  accuracy  to  which  fuzing  time  must  be 
calculated  is  a  function  of  the  armament  system  characteristics.  The 
T^TlTst  fuze  computer  would  be  one  of  the  collision  type  which  would 
dSoiate  S  equatLial  spray  of  fragments  of  such  veloci^  that  the  target 
could  be  considered  stationary  for  the  length  of  tnme  required  f 
fraLents  to  reach  it.  Essentially,  this  type  of  computer  need  ^^ly  de- 
terSne  a  time  of  detonation  on  the  basis  of  the  measurement  of  fixed 
oaJSeters.  The  fuze  computer  required  for  a  gimbaled  or  guided  warhead 
should  be  a  lead  fuze  because  of  the  necessity  of  supplying  special  guidance 

or  steering  information. 

B.  TEMINAL  EHCOUNTER-KIMIATICS 

The  phrase  "terminal  encounter"  is  used  here  to  designate  that 
4- •  f  mi  Ip  traiectorv  and  target  track  dunng  which  fuzing  of 
"hcSr  kin  probabiw.  Ths  klne^tlc^  cl 

missile. 

The  dual  objectives  of  the  terminal  encounter-kinematics  evalua- 
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fired  submissile,  and  (2)  the  general  delineation  of  design  requirements  for 
a  suitable  fuzing  system  for  use  with  each  basic  type  of  warheadj  consider¬ 
ing  realistic  drag  slow  down  of  the  sutsnissiles, 

1,  Analysis  of  Terminal  Encounter-Kinematics 

a.  The  following  analysis  of  the  terminal  encounter- 
kinematics  is  presented  to  provide  a  basis  for  typical  performance  data 
useful  in  the  evaluation  of  the  fuzing  effectiveness  or  hit  probability  of 
high-speed  interceptor  missiles.  Insofar  as  possible,  the  analysis  is  kept 
general;  that  is,  it  applies  equally  to  any  missile  and  any  warhead  which 
operates  by  ejecting  submissiles,  including  continuous-rod  and  multiple 
shaped  charges,  in  an  equatorial  belt.  For  analytical  simplification,  how¬ 
ever,  the  encounter  is  assumed  to  be  coplanar,  or  to  take  place  in  a  plane 
defined  by  the  instantaneous  track  of  the  target  and  the  intercepting  missile. 
Some  additional  assumptions  are  as  follows; 


(1) 

The  target  and  interceptor  are  both  traveling 
along  straight  lines  during  the  time  interval 
under  study. 

(2) 

The  interceptor  has  no  angle  of  attack,  being 
aligned  with  its  flight  path. 

(3) 

There  is  no  variation  in  altitude  effect  during 
a  given  encounter. 

(U) 

The  targe"*"  is  a  point  target. 

(5) 

The  interceptor  and  the  target  have  constant 
velocities. 

Additional  corollary  assumptions  are  included  and  explained  at  appropriate 
places  throughout  the  discussion.  A  comparison  of  the  work  and  results 
presented  herein  with  earlier  discussions  of  the  range  error  and  slowdown 
effect  in  References  1^2  and  kS  discloses  general  agreement,  so  that  the 
results  nay  be  assumed  to  be  typical. 

b.  Figure  1|7  represents  a  typical  intercept  case  where 
the  interceptor  is  approaching  the  target  in  a  descending,  head-on  attack. 

In  this  case,  the  interceptor  trajectory,  line  BC,  is  approaching  the 
target  track,  line  AJ,  at  an  angle  Y  in  such  a  manner  that  the  nearest  point 
of  intercept  will  occur  when  the  interceptor  is  at  point  E  and  the  target 
at  point  D,  The  distance  DE  is  the  miss  distance,  called  S  in  the  deriva¬ 
tions  and  calculations  to  follow.  If,  when  the  interceptor  is  at  point  B, 
and  a  distance  AB  =  from  the  target,  the  submissiles  are  ejected  from  the 
interceptor  missile,  then  at  the  time  of  closest  approach  of  the  interceptor 
missile  to  the  target  (interceptor  located  at  point  E),  the  centroid  of  the 
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submissile  ring  is  located  at  point  H  (in  an  exaggerated  case).  The  inter¬ 
section  of  the  plane  of  the  submissile  ring  with  the  future 
at  point  J.  At  some  later  time,  the  target  having  moved  to  point  F  and  the 
centroid  of  the  submissile  ring  having  advanced  to  point  G,  ^^e  plane  ol 
the  submissile  ring  will  be  intersected  by  the  target  itself.  At  this 
instant,  the  submissile  ring  may  be  designated  by  its  intercepts,  ^  and  , 
in  the  encounter  plane.  The  distance  FG  is  the  true  cluster  or  centroidal 
miss  distance,  designated  y  in  the  following  discussion,  while  the  radius 
of  the  submissile  ring,  KG,  at  the  time  of  target  intercept  is  called  d. 

c.  Since  unpropelled  submissiles  lag  behind  the  inter¬ 
ceptor  missile  after  launching  (Reference  1^1),  the  following  analysis  for 
the  magnitude  of  the  lag  and  its  effect  on  the  effective  miss  distance  is 
undertaken  to  provide  insight  upon  possible  fuzing  degradation  pr  long- 
standoff  warheads.  A  special  case  is  described  later  wherein  the  su^ 
missiles  are  accelerated  for  a  portion  of  the^  total  flight  tune  after _ 
launching  (i.e,,  rocket-propelled  subraissilcs).  The  notation  ^ployed  is 
defined  in  the  list  of  Symbols,  The  deceleration  due  to  drag  is  given  by 


However 


/  2  ,  ^ 
F  =  Cp  P  /2  AV  ,  and  m  =  - 


and  since  V  «  — ,  the  equation  of  motion  for  the  submissile  ring  becomes 
dt 

This  differential  equation  is  non-linear  and  must  be  solved  numerically.  One 
particular  submissile  and  one  altitude  are  assumed  for  each  calculation,  and 
hence  a  coefficient  k  may  be  defined 

,  S  (w) 


which  gives 

^  -  -k  (^)^ 
dt^ 

Ti.is  equation  may  be  integrated  to  yield  the  following  equations  for  tne 
velocity  and  the  distance  traveled,  respectively: 


Page 
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V ,  »■  V  e 
t  m 


='t  ■  1 


During  the  same  time  interval,  the  spread  ef  the  submissiles  is  given  by  the 
relationship 


To  include  target  action  and  effect,  consideration  of  Figure  1+8  and  appli- 
cation  of  the  rules  of  trigonometry  gives  the  following  relationships s 

V  t  sin  Y  +  S  cos  Y  ,  , , 

R  - -  (lli) 

^  sin  p 


where 


p  “  tan 


V  t  sin  Y  +  S  cos  Y 
_ m 

(V  cos  Y  +  V™)  t  -  S  sin  Y 
m  1 


V  t  -  r  1^1  (ktv  +  1) 

sinY  - - - - -  “S 

y  .in  T 

V  e  ^  cos'  Y 

L  m  1  J 

d.  Figure  Ii9  shows  four  possible  coplanar  encounters 

which  are  useful  for  the  evaluation  of  these  equations.  By  definition, 
the  angle  y  is  measured  in  a  clockwise  direction  so  that  cos  Y  is  positive 
when  Y  is  less  than  90^  negative  when  Y  exceeds  90^  When  the  miss  occurs 
as  shown  in  Figure  ii9a,  above  and  behind  a  target  during  head-on  approach. 

S  is  taken  as  positive.  In  like  manner,  it  may  be  shown  that  S  is  positive 
when  the  approach  is  as  shown  in  Figure  U9c,  a  head-to-tail  approach,  missing 
below  and  behind  the  target.  In  the  case  illustrated  in  Figure  l;9b,  head-on 
approach,  missing  below  and  ahead,  or  the  case  shown  in  Figure  U9d.  head-to- 
tail  approach  missing  above  and  ahead,  S  should  be  taken  as  negative.  The 
foregoing  sign  conventions  apply  to  Equations  lU,  1?,  and  16,  where  t  ms 
the  special  significance  that  it  represents  the  time  by  which  ^bmissile 
election  leads  arrival  of  the  interceptor  at  point  E  (Figure  U7)  on  its 
traiectory,  at  which  it  is  or  would  be  nearest  the  target.  This  is  to  be  ^ 
distinguished  from  t  (the  time  of  flight  after  submissile  launching)  used  in 
Equations  11  and  12,  which  permits  the  simultaneous  evaluation  of  y^,  y2,  7y 

y^,  and  d  (Equation  13),  and  their  tabulation  with  to  provide  the  summary 
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of  cases  given  in  the  tahles  -pnisi"8^f^  Sg"' 

directly  read  to  obtain  y._^__4Tpc  are  elected)  at  any  range, 

radius  when  the  wa^ad  ^  5  wherein  the  submissile  misses 

from  the  target.  These  “'°Le  J^llfying  assumption  used 

the  target,  as  shown  in  a  later  section.  One  sljlifyinj 

in  computing  the  tables  in  the  reaches  its  point  of  closest  approach 

slc^cwn  g  "'X  ms^L"!  the  velocity  ^tl* 

to  the  target  (point  ®r/^®^^®i?e^;r.aiectory  is  assumed  constant.  Owing  to 
submissile  ring  along  the  missile  tr  j  J  study,  and  the  charac- 

the  short  time  ®  relationship,  this  assumption  does 

rfn^roSr^lddfti:"! iignifioant  magnitude. 

e.  For  the  case  of  powered  aubmissps,  it 

that  the  rocket  motor  tta^valurof  k  in  Equations  11  and 

launching.  To  expedite  the  ‘J^/tiffirst  0.2  sec.  This 

12  was  assigned  an  opposite  change  of  altitude.  This 

assumption  presupposes  a  a„_iitatlve  value  of  the  calculations 

practical  error  has  no  ^^"^^^Jeslntra  fair  assumption  for  the 

when  they  are  used  for  ’  cowered  submissile  is  considered,  A 

Ir-sSSriokS-^ap^J^ch  used  in  a  PreUm^evy  cheek  calculations 
does  not  yield  any  significantly  more  useful  results. 

f  The  total  number  of  oases  considered,  for  which 

results  of  calculations  are  presented  in  the  appendix,  are  defined  by 
IpOToprlate  comblnatione  of  the  following  conditions. 

z  =  19K,  30K,  U9K,  and  60K  ft 

V  =  1000,  1790,  and  2^00  ft/sec 
m 

=  800  ft/sec,  and  also  equal  to  V^ 

Y  =  30°,  U9°,  and  60 

V  -200  and  9000  ft/sec 

The  following  are  vaLes  of  the  important  ^rameters  used  in  the  numerical 
faloSations^of  submissile  centroid  miss  distance.  ^ 

C  -  1.2  (clusters),  1.0  (continuous  rod)* 

.  5  lb  (clusters),  325  lb  (continuous  rod)* 

A  -  0.1  sq  ft  (cluster).  10  sq  ft  (continuous  red)* 

B,3,b.  Pa,^e  98 
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(Valueo  of  air  density  were  taken  from  "Standard  Atmosphere 
Tables  and  Data"  prepared  by  the  NACA.) 

(Variations  of  gravitational  acceleration  with  altitude  were 
obtained  from  standard  gravimetric  data.) 


S  is  assumed  to  be  60  ft. 


2,  Interpretation  of  Tables  in  Append^ 


a  Each  sheet  of  the  tables  summarizes  computed  miss- 
distance  data  for  one  type  of  ^d  r«“^ltre5Sl 

il  fss ... 

gravity),  the  radius  of  the  sutanissile  ring  <'*>  1=  ^“^f  d 

each  target  velocity  at  the  “  tabSated  Li  the  body  of  the  table, 

apply  equally  1*9  the  appropriate  y  ooluim  is  selected. 

For  aiy  encounter  £  V  is  greater  than  d,  the  target  is  in 

Then  Hjj,  y.  ^  ”v,L„ile  ring  bu/outside  the  submissile  ring  by  a  dis- 
^nef^af tHb^rfference  and  ^fng  but 

lnsJc^"?S'ri^dy  L  distaS  equal  to  the  difference  between  d  and  y  in  feet. 
It  can  be  seen  that  two  possible  conditions  occur. 

(1)  When  y»  d,  the  value  of  (y  -  d)  in  feet  is 
aufflciently  large  so  that  no  conceivable  real  target  could  be  hio. 

(2)  When  7«  d,  the  submissile  _  ring  diameter  may 
be  so  large  as  to  completely  surround  a  target  without  being  able  to  hit  it. 

Of  these  two  possibilities  the  second  is  unimportant  for  this  study.  The 
foulng  era^le  of  reading  the  tables  ..y  be  of  assistance* 


If  the  conditions  to  be  evaluated  are  assumed  to  be 


A  =  1^,000  ft 

V  =  1000  ft/sec 
m 

v^  =  lOCO  ft /sec 
Y  =  ^5° 

Vp  =  200  ft/sec 
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If  it  is  alsc  assured  that  the.fudng  compter  is  designed  to  fir^thej^^ 

head  when  the  interceptor  missile  is  530  ft  from  the  targ  appropriate 

DOwered  cluster-type  warhead  is  being  used,  then  by  en  g  ,  .  j. 

LTles  in  the  appSl:c  at  -  531;  ft,  the  following  oata  are  obtained. 

=  70.6  ft 

72  ®  “^9.U  f"! 

7^  =  182,9  f'b 
7^  62,9  ft 

d  =  55.0  ft 

Loured.  Ln  ...the  centroidal 

70  6  ft  From  a  consideration  of  significance,  then,  fpntroid 

lU.o  ,  /  election  velocity)  from  the  cluster  centroi  , 

which  are  55.0  ft  (200  tt/sec  ejection  vb,u  target 

Srhl"  ^nrschhed^lnrilure  h,d  t^"  -Id  b.  the  ce„troi^l^_^ 

fhfs  :fser:  -faf rrjl:  rrd^pfnlir tnS;  are  no  lihel, 

targets  which  might  have  such  a  size. 

b.  The  results  of  some  selected  cases 

.«?eroSrLll?ul!  ?fi"llXin^o„on=  • 

V  =2500  ft /sec 
m 

v,^  =  800  ft /sec 

Y  =  60° 

Figure  50  shows  the  3^2“" “of S.OoS  nfVmyTe 

Figure  51  m  that  only  two  approaches  -  those  resulting 

aeen  fron,  a  study  f  -  oan'^be  typically  expected  to  pro- 

duee  hits  on  the  target  at  30,000  ft  ^3 

misses  yi  and  J'3  are  y,^case.  Figure  51  indicates,  how- 

ef f  tot^Hits^^'te^xpected  from  all  approaches  when  the  altitude  of  the 
encounter  is  increased  to  60,000  ft. 
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c  All  calculations  for  fuzing  of  the  cluster-type  w^- 
head  were  oarefully’examlnad  in  a  sMlar  S  sS-  ' 

possibility  factor  for  the  for  a  200^ft/sec  ejection 

missile  slowdown  after  ejection,  »  ^  quite  altitude- 

speed  and  an  800-ft/sec  target,  indicate  that  the  effect  qui 

sensitive: 


Altitude 

ft 

15,000 

30,000 

U5,ooo 

60,000 


Total  Cases 
Investigated 


Cases  V^here 
i^tit  Is  Possible 


Hit  Possibility 
Factor 

Vp  »  200  ft/sec 

0.583 

0.653 

0.875 

0.875 


it  the  comparatively  1«  altitndea^f  l^'^/i^ir^oxlSlt"*  ^rite 
head  can  be  In  a  position  »here  f  «  higher  altitudes, 

approaches  as  a  result  of  sutalssile  sl^^  alone  Ao 

U5,000  or  60,000  f''*  “J'trooO°f/Ld  higher,  it  is  expected  that  the 

roel^rirfS  ro^a  Sttaf  r^r  at  lo^r  altitudes, 
d.  The  kill 

assume  perfect  fuzing  possible  level  of  performance .  Because 

and  therefore  represent  the  highest  possi  P  warhead  must 

of  the  lou  radial  velocity  ‘he  "ales  the  T  ^  ^ 

be  fired  at  a  very  fuzing  time,  along  the 

an  optimum  radius  of  submissil  .  affect  on  the  subsequent  radius  of  the 
line  of  missile  flight,  has  f warhead.  This  fact 

submissile  ring  ^d  ^d  it  Ly  be  shown  from  Figures  50  and 

is  supported  in  References  i  cause  an  error  of  less  than  8 

51  that  a  range  error  of  fMing  of  f  aj  about  500  ft.  Ur 

h^rrhaf  contdered. 

fn  S:  roS^nruSl-t^se^o?  t^orease  in  the  effeotive 
miss  distance:  . 


Altitude 

ft 

15,000 

15,000 

30,000 
30, 000 

60,000 

60,000 


Missile 

Velocity 

ft/sec 

1750 

1750 

2500 

2500 

2500 

2500 


Mi ssile 
Travel 
ft 

675 

1750 

1250 

2500 

1250 

2500 


Submissile 

Lag 

ft 


Submissile 
Remaining  Velocity 
_ ft/sec _ _ 

1163 

871 

1751 

13U7 

2257 

2058 
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This  effect  Is  considered  to  “‘'^g|5“''%^n"Mn2dered  with  the 

generally  assiuned  encounter  for  which  the  miss  dis- 

terminal  kinematics  the  submissile  will  mass  even 

tance  of  the  priiw  meeil®  rSgnlfi^ant  percentage  of  the  pesei»l' 
a  realistically  “  poSfthat  thireffect  is  quite  altitude- 

approach  angles.  It  is  lur  .  ,  altitudes  where  dense  air  causes  a 
sensitive,  being  high  altitudes,  well  above  60,000_ft, 

greater  drag  and  slowdown.  At  v  y  hig  discussion  was  nou  intended 

The  effect  will  become  indicate  the  nature  of  the  slowdown 

to  present  a  general  solution,  Q^ch  angles  and  altitudes,  for  a 

"s"  >“  *“  ”  ^ 

J,  n  can  b« 

rocket-propelled  if  that  the  submissiles  now  fly  ahead  of 

of  warhead.  The  only  diff  w  behind  it.  This  leads  to  the  con- 

the  primary  missile  instead  o  gg  g  minimized  is  the  miss  distance  be- 
elusion  that  the  factor  whi^  b  necessarily  be 

tween  the  shbmisslies  and  t^  targ  ^  primary  missile  to  a 

accomplished  by  to  that  of  the  fighter  Interceptor 

Inunching  rockets  or  of  both  terminal  guidance 

control  s’/stem  to  "  obability  for  the  cluster-type  war- 

In  f  “S?e-Lntrol  system  in  the  ^imary  missile  involving 

?L"\reS  i  the  complex  K-U  to  E-9  systems. 

r  no^n/S^frmo  ^rfeeSvi- 

election  velocity  to  perhaps  cone  angle  is  shewn  in  the 

The  effect  of  radial  ^een  from  Figure  ?2  that  even  J ® 

lovrer  part  of  Figure  ^2.  ^^/^^.^g^^oeed  about  22°,  and  would  be  about  8  to 
missile,  the  cone  angle  would  no  doubt  improve  the 

for  higher  missile  velociti  .  improvement  since  the  cone  angl^ 

situation,  it  would  or  higher  Lfore  this  effect  can  be  ade- 

needs  to  be  j.ncreased  to  about  U5  g  ^  ^onld  require  radial 

quately  eliminated  or  minimized  Such  an  ^  ^^^,nt  conclusion  to  be 

ejection  velocities  of  ^^out  25^  the 

drawn  from  this  discussion  is  the  cha  g  radial  ejection  velocity, 

fuzing  of  subniissiles  having  a  low  ^  ^  3  tjeen  shown  that  the  ef fee.. 

T^the  case  of  low  radial  ejection  velocity,  i^^  standoff  distance  is 
S  slowdown  is  important,  "^^’^L^^a^l-cjectlSH^elocity  submissnes,  such 
not  important.  Hewuver,  with  high-r^ai^^O^  standoff  is 

“itrea"'^  (he  “irt  S  slowdL;  on  the  hit  prohahillty  is  relatively 

g  TO  illustrate  the  effect  /“/^^jracS^r^ 
-rSllf  tS^stf  :XI^al  :fsf  StLr?.  -ge  .  target.  V  and 
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z  =  1^,000  ft 

V  =  1000  ft 
m 

=  1000  ft 
T 


Y  » 


Powered  Cluster 

\  ^3li 

yi  58.0 

-62  .0 

73  U9.8 

y^  -70.2 

d  63.3 


Continuous  Ro<^ 
R  *  6b.2 

X 

y  60. lU 

72 

60.86 
d  lb7.5 


A  „aJor  increase  in  sub^ssl^tion^vclcclty^^ 

feet  per  second  eliminates  the  s  ft/sec,  however,  bring  only  a 

increases  in  this  velocity  probabiUtv  when  faster  targets  are  con- 

relativelv  small  increase  in  hit  proDaoi-.i  . 
sidered.  ^his  is  illustrated  in  Figure  52. 

n.  The  foregoing  analysis 

warheads  with  relatively  Im  However,  tte  effect  of 

nSther  precise  nor  complete  an  .  Sl„ee  ihe  warheads  for 

slowdown  is  typical,  e*f  ■  oatlon,  have  a  Icw-altltnde  capa- 

the  Bomarc  interceptors  mast,  „ot,  be  available  at  any  alti- 

billty,  and  since  the  necessary  detailed  or  precise 

tnde  for  use  in  a  "«„/rsiem  ?s  not  believed  Justifiable 

analysis  of  the  Icw-speed-oluster  fusing  sys 

within  the  scope  of  this  study. 

i.  The 

fo  sS^dfrhar/wJr^  ^rf^rtain 

f,::^:!r::efinThe^:riS  S— !  fU  53  sh.s  an  encounter 

missile  ring, 

Paf:;0  63 


lESiOnisir 


IV  Warhead  Fuzing-System  Studies,  B  (cent.) 


Report  No ,  991 


similar  to  the  case  illustrated  to  ^JourtJrStoeMtics  for  any 

raU^rtLTthfr^-crntorslllustrat^^^^^^^ 

“r?  :riLTsfusfton  ‘trrX'a^r  -fusing  cone  an^le.  .  . 

required  for  the  high-velocity  warheads. 

i .  Reference  to  Figure  53  f  <*= 

Mssile  IS  located'at  point  %,  ftStbSsklfring 

velocity  V„,  the  angle  «  is  the  Xaf  pjojectlon  velocity,  and 

determined  by  the  vector  sum  p.  ,  ...  target  velocity,  Vt» 

V„,  the  missile  velocity.  When  correlated  with  t^  ta^e 

along  track  CT,  the  “f f an?S  between  the  track  of  the 
"fusing  angle."  This  fusing  f "  “ft.Re  and  a  target  (Tp) 

Sa^SeVarfn;  "t  of "g,  and  so_^oriented  that  a  submissile  traveling 

along  path  BpT  with  velocity  Vg  "iiert  o^fatos  ^y!  and 

point  T.  Angles  0  and  G  of  Figure  trigonometry  it  may  be  shewn 

Le  no  significance  ^“P^he  encounter.  By^rlgonomet^  7^^ 

that  the  following  relationships  apply  in  the  case  ii 

^  _  0 

V,j,  wsin  C 

0  =  arcsin  — w - 

C 

*  '^s  *  ''t  ■  ’'t  ^ 

e  -  180  -  (e  +  Y) 

For  other  approach  angles,  Y,  and  of  equations 

in  Figure  to.  ^rup  Tte  election  of  signs  a«J 

riv-tet* :ill^;rerd  aS  pLsible  cases  Of  encounter: 

-  ir2  +  _  2V  cos  G  (Figures  h9a  and  h9c) 

\  '^S  T  ST 

^2  ^^2  ^  2V.  V  cos  e  (Figures  U9b  and  U9d) 

vq  ''s  T  si 


C  ws  180  -  (e  +  y) 
G  =  e  -  Y 


(Figures  U9a  and  li9c) 
(Figures  U9b  and  U9d) 
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Appropriate  values  May  StSSra^foi^an  oorres- 

of  approach,  Y,  are  postula  ,  „  for  the  calculation  of  a  limited 

ponding  to  previous  work  in  □  n  +  g  of  these  calculations  are  given  in 
number  of  cases  of  encounters.  Pi  and  55  for  the  cases 

Table  IV  of  the  ^  .9?  ^hfangle  the  tables  applies  to 

illustrated  in  Figures  l;9a  and  U9h.  g  ^  ‘  refers  to  the  cases 

encounters  illustrated  in  Figure  56  show  the^extreme  variations 

shown  in  Figure  b9b.  The  c^  cLnges  i^target  velocity  and  approach  angle, 
t^sS^lrtt'^r rS^ontlXly  corrected  for  MussrXe 

velocity  variation. 


3. 


riftgipn  Requirements  for  Fuze 


P.OM  a  careful  consideration  of  all^^he 

IS  ra^rSnnlufdtsrgrMarte  as  fouows. 


O-  *  0.0025  sec 
r 


60  ft 


rtere  0  is  the  tolerance  for  teing  tiMO  ^d  oj,  is  the  rms 
;?rulSed  for  the  Bemarc  ni-99(  )  interceptor. 


miss  distance 


C,  METHODS  OF  FUZING 


Various  PcrcMeters  uhich  detemine  the 

relatlonehip  betireen  the  the  AIl/DPN-lll  pulse-type 

the  terminal  guidance  system  .„.tion  relative  to  the  missile  axis  are 
radar,  target  ”nge  and  e^l^poeit  „ther  paraneters  such 

available.  A  computer  util  B  -„iocity,  missile  angle  of  attack, 

as  missile  velocity  .’'“’‘“cd  frag^nt^v^-^  „,head 

;Srotric:ation  of  t.*  target  at  some  later  time . 

b.  This  type  of  fuse  corY'ter  req^res^a^s^ttUng  Ume 

which  forces  fuzing  information  "Ce  of  llOCO  ft/sec.  At  these 

rges"  :fuifre1L:onehl?  accurate  ^1^ 

fio!rthi:l;T^"f  L" 

for  the  Borasre. 

A  simplified  „f:/“%^^fafrrnrenr 
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^  ■  +c  of  taraet  ranee  and  from  these  predict  a  warhead 

)nly  measure  two  fixed  poin  T^30l6  fuze  computer  depends  on  the  avail- 

release  time.  The  accuracy  of  the  T-3016  obtain 

rtllty  and  accuracy  of  Information  haa  begun  to  deter- 

Its  range  measurements  before  low-radial-velocity  submissiles 

lorate.  Such  a  ^®fjfj!„erwhen  the  submissiles  are  ejected, 

which  require  a  long  standoff  fr  g  study  of  the  characteristics 

r^wr^e^aur^ 

^  Tn  a  oulse-Doppler  terminal  guidance  system,  fuang 

miseile  intercepting  a  target  is  d  *  coe  0),  .tare  V,  ie^tta^^^^^^ 

velocity  of  the  target,  V  is  the  with  respect 

of  lighl  and  t  U  tta  instantaneous  ^.^afe  attack  and  the 

fta'wg"  fong "cUred  with  the  miss  distance,  0  «  0  and  the 

V,  ^  At  the  point  of  minimum  miss  distance, 

Doppler  frequency  becomes  ^ 


,  one-half  its  original 


V„  +  V 
T  m 

is  90”  and  the  Doppler  frequency  becomes  — rj— 

alue.  using  a  High  radial  ejection  velocity  S^^sal  by 

r  shaped  charge,  and  allowing  Doppler  frequency  has  dropped 

using  at  some  fixed  frequency  ratio  35,3ten  could  possibly 

0  one-half  of  its  origin^  va  ^  fuzing  system  as  applied  to 

e  developed.  However,  the  ^ase  or  hfad-on  attack,  the  change 

he  Bomarc  are  evident.  I”  fh^tup^oach  angle,  V.  For 

n  Doppler  frequency  beeomes  a  f™”U°"  *  tactical  situation  for 

:xampie,  if  the  approach  angle  is  60  ,  a  very  lixeiy 

.  T  II  /T  c^^  Rnt  the  Doppler 
,he  Bomarc,  the  original  Doppler  frequency  is  — ^  (1.5). 

This  means  that  if  the 


T  -  ra 


equency  at  minimum  miss  distance  is  still  ^ 
izing  point  had  been  selected  at 


V„,  i  V 
T  m 

A 


there  would  be  a 


.75  -  .5 
•  ^ 


or  $0% 


noint  haa  oeen  ^  r  ■  ^A 

.or  in  the  fuzing  fneq^ney  fon  this  angie^cf  aPP-^^^^SraUnL^rgair 

,,  target  look  angle  P””f  "°"atlif  pofnt  Father  study  along  this 

;ed  to  correct  tta  ”^3^^"fe"X?her  such  a  fuzing  system  would  ac- 

“p;j;1eWrr:L"head  over  ary  angle  of  approach  between  Bomarc  and 

,S  target,, 


IV  V/arhead  Fuzing-System  Studies,  C  (cont.) 


Reoort  No,  991 


e  An  infrared  fuze  computer  developed  fOT  the  Sparrow  II 
mieeile  (Infrared  v^relcn)  is  i^J^Sf^Jence  US.  Twation 

ratio  between  mnimum  mise  dietance  and  relative  velKity,  ^  ,  was  develope 
apecificaiy  for  tactical  situations  in  which  the  following  assumptions  were 
valid: 

(1)  Small  angle  of  approach  between  missile  and 
target,  i.e.,  tail  or  head-on  attack, 

(2)  Velocity  of  target  considerably  less  than 
velocity  of  warhead, 

(3)  Missile  tracker  behaves  dynamically  as  single 
time  constant, 

(U)  Small  component  of  target  velocity  normal  to 
missile  line  of  flight, 

(K)  Ratio  between  angular  rate  and  anplar 

acceleration  could  be  approxiirfited  by  finite 
differences  and  subsequent  integration. 

f  This  fuze  computer  is  designed  to  use  information 

in  the  existing  Sparrow  III  !iaL-line  rotation.  This  fuzing 

input  parameter,  the  Doppler-frequency  fuzing  method 

principle  is  analogous  to  attacking  the  target  from 

previously  noted  sLlt^lLe  rotation  rate  at  long  range  will  be 

head-on  or  by  tail  chase,  the  signt  i  minintum  miss  distance,  just 

zero  and  will  increase  to  a  maximum  rate  at  the  mini^  miss  j 

as  similarly,  the  Doppler  frequency  is  constant  at  long  range  ana  p 
of  this  Jalue  at  the  point  of  minimum  miss  aistance. 

g  The  basic  fuzing  equatior  for  the  Sparrow  HI  infra- 
red  misullo  darlvel'from  tha  mlssila-targat  gaomatry  of  Flgura  U8  is 


r 


t. 


1  -  K0  0T  ^ 


-  T 

A  n 


x.  j  10+  T>POiiire  exolicit  measurement  of  miss  distance,  rela- 

1lfc«v  r/ra^ga  fo“its  machanlzation.  The  ona  axpliclt  p^amatar 
ive  velocity,  or  range  .  c-icht-line  rotation  rate,  which  can 

r:^atS^va“%coSJf% 

iSd1hraduSirs''of‘a  Sa  ganaral  nature  than  the  original  Sparrow 
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Td  thf  f^zin;  Ztlon^l^  -dlfiad  ac^dlngl,.  TJ..  na»  fuzing  equation 
then  becomes  f  ( T  *  I 

^  *0  -  V  *0  ^tVc03.<  h  ' 

J?nrg\:srnr“d:  ToH  noz  neze3S.n. 

valid  for  the  Bomarc: 

Small  angle  of  approach 

Small  component  of  target  velocity  normal  to  missile 
line  of  flight 

Target  velocity  small  compared  to  missile  velocity 

h  In  addition,  a  study  of  the  mechanization  accuracy 
of  znis  fuzing  e<»^ucn  Szt»  «aie. 

tained.  Since  overaU  Son  '“^5  sec,  cr  ten  tl^s 

SgrtnrSI  SSlfStoS™-  stanid  deviation  re,uiz.d. 

i  Another  method  of  fuzing  flf  v/ 

eight-line  rotation  and  target  a  “gdt?:ii^ 

using  ranging  S^increaSd,  if  tL  resultant  fuzing  equa- 

rotation-rate  fuzing  system  ca  -amp+pr  The  resulting  equation  for 

tion  is  not  dominated  by  the  range  par^eter  rate  plus  range 

the  fuzing  time  of  a  system,  using  sight-line  rotation  PJ- 

information,  is  as  follows: 


,  X 

y  =  T- 


1  -  R0, 


-  Mg 

“i,  -  “5  “3 


where 


=  cos  0g 

sin  0g 

^  "■  cos  oT 
V 


^  +  sin  o< 
''P 


cos 
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V  •f'T.nTT  thene  eauations  that  all  the  important  terminal -kinematic 

It  can  be  seen  .rom  these  equations  overall  equation,  how- 

method  is  deemed  necessary, 

2.  Conical-Skirt  Fuzing  Systems 

a  The  principle  of  the  conical-skirt  type  of  fuze  is 

?n  “cS'stotroroonLt!'' 

conical-^it  fusing  sy.te»,  are  worthy 

of  evaluation,  radar  and  infrared. 

b  The  radar  conical-skirt  proximity  fuze  generally  con- 

•  +  antennas  spaced  around  the  circumference  of  the  missile, 

itfr/if  a  "adletion  pattern  In  any  plane  oontaiMng  the 

resulting  in  a  narrow  oeam  ^ 

longitudinal  missile  axx^  I^!l  “cTbe  set  at'-me  value  leL  than  90° 
reliable  device.  The  sk^t  ,  .  /measured  from  the  missile 

“"FrSFs kS ~r..r.rr.fs.s r«.. ,, 

rfSS  ::s:,-=:  ra5i:*i.rr»?..=.S  ■ 

assumptions! 

(1)  Missile  velocity  considerably  greater  than  that 
of  the  target. 

(2)  Small  approach  angles  between  missile  and  target. 

(3)  Submissile  velocity  considerably  greater  than 
that  of  both  target  and  missile. 

0  with  any  of  the  radar  trackers  likely  to  be  used  on 

the  Beware,  at  leasi  with  fte'cSorskirt  angle 

Sft1e«”v:S»W  between  the  teti^ri^leS^ytrthen 

instant  the  target  enters  the  to  the  lisslle  line  of  flight, 

be  resolved  into  components  normal  and  p^allel  to  on  detonating 

These  components  sn  to  ty  the  radar  skirt.  Even  this  type 

the  warhead  after  the  target  is  „o,.,™,Jions‘  (l)  that  the  miss  distance 

of  fusing  byste^contains^two  closing-velocity 

is  small  en  ug  missile  velocity  is  constant  and  small  in 

rSuon  lo  the  Ltalssile  velocity.  The  first  assumption  is  not  serious 
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TKrre:o‘f 

r„d  magnitude  of  the  submiseile  f  *^1oclty 

missile  velocity  if  the  “jiJlonlng  S  ?he  radar  skirt 

:sit?ro?ii-reriStrfro;  n/sec  is  jr^cipife?* 

a  continuous-rod  uar^ad  ^  radSltbmiSS  “locity  of  V 

adjusted  to  a  V  of  25M  ft/seo  warhead  would  miss  the 

ft/sec  if  to  W/Tec  targeTby  ««.  a?  a  range  of  60  ft,  neglecting 

centroid  of  a  1300  it/seo  wgei  ,  all-around  accuracy  of  the 

all  other  fusii«  errors.  This  Itotatio^^  tne 

I;TriXl  SleSr 

fn  mgIt^"rAernrtI«"SpriLh  inllfes  using  additic^  input  data, 
sici  ifaitiSde  or  missile  speed,  in  the  delay-time  computer, 

d.  Two  types  of  infrared  conical  skirts  have  been  de¬ 
veloped  to  the  point  where  they  ^JeSinS^woS^on  thJse  two 

being  the  sequential  and  sy  •  Rubber  Company  of 

iflSnirilSforwrilhre  r"d\n  References  h7  ttu-ough  50. 

/;  1  ^  IStTs^  mSlSgs"^rng1u"getf  sS  af 

Of  infrared  fuze  detector,  Jhat  f_^^^  To  overcome  this  problem,  the 
the  sun  or  the  moon  in  the  fi  reception  beam  patterns, 

sequential  type  of  the  two  conical  skirts  separated 

such  as  those  shown  im  +1  ^an  be  used  to  discriminate  against 

by  an  angle,  the  sight-  ^  ndssile  With  this  zone  arrangement,  the 
targets  at  long  i®!  by  a  target  at  180  ft  from 

maximum  time  of  transit  betwee  .  transit  time  would  be  infinite  for 

the  Bomarc  missile  is  18.6  ms.  The  s^  J^Xtions  of  10°  missile 

:s:SaUon1t1  cP^thf  suSjrankt  t^ 

gfignid  tf  allSInfy^uIget^S^allit  ti.  is  less  than  some  preset 
time  such  as  2^,0  ms. 

f  Figure  58a  shows  the  block  diagram  of  an  electronic 
circuit  capable  of  sur”  bitrenters  tta 

‘«s';i™C.ss'r-  .v- » .» — ■ 
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grid  of  a  gating  tube.  If  the  anotSrpulse^ldirbrp^Suced^in 

duced  by  a  target  or  a  target  and  the  sun,  another  puise  p 

channel  2  when  the  ^^g\^te'^and  will  cause  it  to  conduct 

applied  to  the  control  grid.  The  signal  from  the 

faUng  ?Snf^LraSirfied  ^Y''^-'alTiri1o^bf SrVggfred^^^ 

Ksr.:  f 

enters  the  field  of  view  of  the  <•  *>,0  it  would  cause  the 

improbable  due  to  the  small  fiel  0  °  ,  resulting  in  less  chance 

whead  to  be  detonated  a  “^sJgnal-level 

of  a  definite  of  view 

"/sWraL'nTfMo  Unrie  necessary  to  ascertain  the  *tbod  of  na>dng 
such  discrimination  practicable, 

p  The  convergent  or  coincidence  type  of  infrared  coni- 

hrxisf.? -rsr  s  rr !.s:rr 

converge  over  a  limited  range  When  “  d,  this  being  the 

Shaded  area  in  Figure  59>  The  two  skirts  are  located 

necessary  condition  for  °  "t^mit'and  are  shielded  so  that  any 

as  far  apart  as  ■'^“^n^T  'ansStirthe  skirt  detectors  only  a  small 
target  at  a  range  beyond  S  will  t^ano  greater  distances  will 

fra^  Of  its  total  S^^^tS„f„ed  by  statistical 

be  completely  cut  off.  ^  4.,„raon  +Vip  Ronarc  and  the  target  due  to 

evalnaUon  of  the  miss  distance  ba^-'ojj^tte 

terminal-guidance  ®''^o'’s  and  of  t  .  .  g„„  or  moon.  In  addition, 

conical  skirt  .f  |  dose  target  when  the  Bomarc  Is 

^asr^on.  g“gi^^™f°“ro^"fi?ris  sr 

fnl?^  fdl'Ih^^S^^fneteork  produoes_^enough^sg^^^ 

Sf  fyS"Sso”S"wggeX^^  by  t^  =“  being^n^the  field 

of  view  of  the  first  eonical  jiore  probable  for  the  convergent 

second  conical  skirt,  ’^bis  situation  i  "  P  necessary 

system  than  for  the  % Sf  gjnlons  disadvantage  of  the  oon- 

to  obtain  the  range  discrimn  ^ .  length  necessery  between  the  two 

vergent  type  of  conical  skirt  is  the  bj®  ^n|th  neoess  y^ 

beams  The  unobstructed  ha^  le  ^  epprokimately  10  ft.  If  S 

fs  ‘olTosrariro  »:  rs  causes  the  L  hea^^to  o™  nt^an  .gl^cf 
S\wfbetI^.Trtterrorrtr^oblem  of  constructing  an  optical  conical 
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.klrt  around  the  ndsaile  bodv  at  the  fuze 

the  shock  and  vibration  of  the  missi  e  w  u  j.g(i  conical  skirt  can  be 

these  limitations,  only  the  sequential  type  of  infrared  conicai 

adapted  to  the  characteristics  of  the  Bomarc. 


Comnarison  of  Infrared  and  Radar  Fuzes 


a  A  more  detailed  study  of  the  fuzing  accuracy  of  the 
eequentlaX  type  of  infrared  conical  aklrt 

the  accuracy  of  the  radar  conical  akart.  or  tail-on  above 

velocity  vs  optimum  skirt  angle  ,  qqq  f-t/gec  and  the  approach  angle 

\  was  a?sc  invest!- 

again  60  .  ihe  eiiect  ox  rpt,u_  -taidv  disclosed  that  the 

Sre“on''fho  optlI^%klrt°tngla  L  negligiblu.  variation 

fkS'aSle  ova?  the  ,^asne  -g  ^LSS^thl  vll^”^ 

Tair  “ty  vould  incraaae  the  variation  in 
optimum  skirt  angle  with  missile  velocity. 

b.  An  noted  previously,  this  P'-f f 

in  akirt^gla  rnfJ"arerSoni«l-stt^  systen, 

S^ver,  it  ii  possible  ngSf  do'shSs'^oi^'sSh® 

the  skirt  angles  Iwing^stem  could  be  attached 

a  sequential-type,  infr^ed,  c  “  sssemblles  mounted  on  a  common 

to  the  Bomarc  radome.  The  '‘f  „®L“  This  permits  both 

rod  which  is  moved  fore  and  aft  by  a  sra  the  width  of 

skirt  angles  to  be  changed  by  ePPVo^^P^ly  S^tS  for  the  d-c 

the  skirt  beams  by  only  a  very  ‘  system,  with  the  reference 

motor  is  obtained  from  a  P°f;*i“-=J"J°^T^tltude-msan-speed 

input  signal  taken  from  a  „„se  position  signal  taken  from  a 

correlation  function,  ia+-incr  ^ear  This  produces  a  nearly  optimum 

potentiometer  driven  by  the  translating  gear.  pro 

skirt  angle  for  any  missile  velocity. 

1  ^r'lSr^d^  :r„irarsl?rt°^:inrtLlcTcorr^Slr 

qasrr?berabo"J  t'hifsiudy,  the  following  assumptions  were  made: 

(1)  Under  certain  conditions,  the  Mach 

the  correlation  function  fir  an  altl:«ter  would  be  accurate  only  to  ^0?. 

(2 )  The  skirt  angle  could  be  held  only  to  of 
optimum  by  the  servo  system. 

(3)  The  optics  and  the  electronic  circuits  could 
only  measure  the  location  of  the  target  to  within  2». 
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Delay  time  in  electronics,  fuzing  relay,  and  warhead  were  lumped  in  the  2 
error  also.  The  error  curves  in  Figure  6l  are  based  on  a  pessimistic  tacti¬ 
cal  situation,  that  of  a  30°  nose-approach  angle  with  both  target  and  fissile 
velocity  of  2^00  ft/sec.  It  is  evident  that  warhead  miss  dist^ce  due  to  the 
accumulative  error  is  small  at  missile  miss  distances  up  to  120  ft.  Approxi¬ 
mate  fuzing  errors  in  seconds  may  be  obtained  from  Figure  61  by  dividing  the 
warhead  miss  distance  by  the  target  velocity.  For  sample  at  a  i^ssile 
miss  distance  of  60  ft,  the  standard  deviation  of  the  cumulative  fuzing  error 
would  not  exceed  approximately  2,$  ms,  still  within  the  allowable  fuzing 
tolerance  under  the  worst  conditions, 

D.  CONCLUSIONS 

1.  The  general  conclusion  to  be  drawn  from  the  fuzing  study 
of  the  Bomarc’is  that  no  very  simple  and  reliable  fuzing  system 

to  meet  all  the  requirements  of  the  Bomarc  missile.  Due  to  the  high  closing 
velocities  involved,  very  few  terminal-kinematics  parameters  can  be  assumed 
to  be  constant  or  can  be  ignored.  On  the  other  hand,  the  overall  fuzing 
accuracy  is  so  important  that  only  a  relatively  simple  fuzing  system  can  come 
within  the  fuzing  tolerances  required. 

2,  In  consideration  of  these  conflicting  requirements,  the 
following  fuzing  systems  are  recommended  in  the  order  of  tteir  value  as 
proximity  fuzes  for  continuous-rod  and  multiple-jet,  shaped-charge  warhea  s 
of  the  IM-99A  and  IM-99(  )  Bomarc  interceptors: 

a.  T— 3010  Fuzing  System  —  If  the  beam  pattern  of  the 
radar  can  be  held  to  i,7ithin  2°  and  with  closing  velocity  information  avail¬ 
able  from  the  pulse-Doppler  radar  to  provide  a  variable  time  delay,  the 
T-3010  should  provide  accurate  oroximity  fuzing,  provided  that  a  high- velocity, 
uneuided  warhead  such  as  the  continuous  rod  or  shaped  charge  is  used,  me 
only  disadvantage  of  the  T-3010  is  that  it  does  not  correct  the  optmura 

skirt  angle  for  changes  in  missile  velocity.  However,  tnis  does  not  appear 
to  be  too  serious  if  the  Bomarc  is  not  required  to  attack  very  low-altitu  ^ 
targets.  With  a  set  or  variable -range  gate  (assuming  pulse-Doppler  tracking 
radar),  the  T-3010  system  can  be  made  to  fuze  only  on  close-in  targets  when 
the  Bomarc  is  attacking  squadron  formations.  Because  of  the  narrow  beam 
width  of  the  T-3010  fuze  system,  it  would  not  be  economi.cally  feasible  to 
jam  it  with  any  countermeasure  method  now  known, 

b.  Infrared  Sequential  Type,  Conical  Skirts  -  This  type 
of  fuzing  system  requires  only  very  simple  elements  which  can  detect  present 
multi-jet  bombers  at  least  300  ft  -jray.  With  the  two  zones,  it  provides 
discrimination  against  the  sun  or  moon  but  cannot  provide  range  or  closing- 
velocity  information.  This  must  be  supplied  for  the  terminal  guidance  radar 
or  through  the  comand  system.  Missile  velocity  information _  can  be  used  to 
correct  the  optimum  skirt  angle  through  translation  of  the  simple  optical 
elements.  The  infrared  conical  skirt  has  a  possible  slight  advantage  over 
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.He  radar  conical  s.ixt  with  he^f  U  U 

iifficult  to  jam  the  radar  conlca  infrared  conical  skirt 

•Ten  more  difficult,  if  not  appears  necessary  to  fully 

rtrinfti;:  ««  comcal  shins  can  he  used  tc  provade 

prorimity  fuzing  for  guided  missiles. 

e  1-3016  and  Infrared  Sight-Line-RoUtion  Pn^Systeme  - 
These  two  fuzing  systems  as  ap^ied  U  the 

measurement  over  a  period  of  time  n  determine  a  point  of 

of  these  parameter  °  „  he  det-rmined  instantaneously  by  a 

detonation,  the  same  point  wtaoh  T-3016  or  the  Infrared  sight- 

conical-shlrt  fuze.  Thus,  »re  than  one  measurement  of 

line-rotation  type  of  fuze  or  sight-U®  rotation, 

some  parameters  such  as  range,  closing  /eiooiuy. 

3.  The  primary  aoc^^y  of  '^^'^■®^J:iati5re*^rthe  missile, 
depeiris  on  only  one  f  „‘iy®"a  conlc^-stot  type  of  fuze  can  pro- 

Thls  leads  to  the  ="0=1“=“" 

vide  fuzing  acciu-ate  enough  for  the  IM  yy  »ma 
gTIMMARI  ARP  RSCOMMEMDATIQMS 
A.  CCMPJRISM  CF  warhead  TYPES  EVALUATED 

The  cohtinuous-rod  t^^-barg,^^^^^^ 
warheads  were  gls-en  "™®^£aroentation  and  external-blast  w^head 

warhead  during  ’consideration  after  early  analysis  indi- 

types  were  dropped  from  f  type  s  was  definitely  below  the 

cated  that  the  K-kill  potential  of  ^^®®®^^^erceptor .  The  guided,  pro- 
minimum  standards  required  dropped  when  it  was  realized 

palled  submissile  (cluster  .  f  the  art  is  not  compatible  with  the 

?he  present  and  the  fof  thf  IM-99{  )  warhead.  The  T-UU  clustei 

development  time  scale  final  evaluation  and  comparison 

was  chosen  over  the  Crossfire  cluster  for  lin  accomplished  on  this 

because  considerable  at  the  time,  still  subject  to  experi- 

Tveapon,  whereas  the  i^  extremely  high  cross-wind  launchings, 

mental  determination  of  stabiiiiy  in 

]_^  Bases  of  Comparison 

In  the  foU cuing  P^bU^apbSj^ ‘be  'cnt^cus^^^^ 
charge,  and  T-U-type  elueter  warheade  are  compared 


a. 


b. 


Sstimated  kill  probability,  including  fuzing 
potential 

Reliabilit-r  of  damage  achievenent 
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c.  Reliability  of  warhead  functioning 

d.  Problems  associated  with  development  and  production, 

2.  Kill-Probability  Comparisons 

a.  A  comparison  of  the  maximum  attainable  kill  proba¬ 
bilities  for  the  IM-99(  )  is  presented  in  Figure  62  for  30,000  ft  altitude, 
and  in  Figure  63  for  60,000  ft  altitude.  Each  of  the  curves  for  the  T-hU- 
type  cluster  warhead  represents  an  average  of  the  kill-probability  curves 
for  the  two  target  approach  angles  considered  in  Figures  33  to  UO  for  the 
same  target  and  altitude.  Figures  62  and  63  show  the  T-UU-type  cluster 

to  be  superior  to  either  the  continuous  rod  or  shaped  charge  at  low  guidance 
errors.  However,  beginning  at  rms  guidance  errors  of  about  30  to  UO  ft  and 
extending  to  1^0  ft,  the  expected  performance  of  the  continuous-rod  and 
shaped-charge  warheads,  with  or  without  blast  degradation,  exceeds  that  of 
the  T-UU-type  cluster.  The  expected  lethality  of  the  T~UU  against  a  Type-if 
target  at  a  1.5  blast  degradation  factor  falls  below  the  continuous-rod  and 
shaped-charge  estimates  at  a  somewhat  greater  miss  distance.  The  expected 
kill  probability  of  the  continuous-rod  warhead  falls  off  slowly  with  in¬ 
creasing  guidance  error,  exceeding  both  other  types  at  guidance  errors  greater 
than  50  to  70  ft  at  30,000  ft  altitude,  and  at  guidance  errors  greater  than 
55  ft  at  60,000  ft  altitude.  The  kill  probability  for  the  30-projector, 
shaped-charge  warhead  falls  between  that  of  the  T-UU-type  cluster  and  that 
of  the  continuous  rod  at  the  larger  guidance  errors. 

A  similar  comparison  of  the  maximum  attainable  kill 
probabilities  for  the  IM-99A  is  presented  in  Figure  6U  for  30,000  ft  alti¬ 
tude,  and  in  Figure  65  for  60,000  ft  altitude.  The  T-UU-type  cluster  war¬ 
head  is  assumed  to  package  UU  submissiles  in  the  IM-99A  installation.  It 
is  seen  from  Figures  6U  and  65  that  the  lethality  comparison  follows  exactly 
the  trend  established  in  the  comparisons  for  the  IM-99(  ). 

b.  It  should  be  noted  that  the  preceding  discussion  has 
assumed  perfect  fuzing  in  all  cases.  A  high  degree  of  accuracy  in  standoff 
(range)  is  required  for  the  continuous-rod  and  shaped-charge  warheads)  how¬ 
ever  this  appears  achievable  by  using  the  comparatively  simple  and  reliable 
T-3010  conical  skirt  fuze,  which  requires  no  inputs  from  the  seeker  or  ^idance 
systems.  However,  the  T-UU-type  cluster  warhead  has  a  much  Iw^r  radial 
election  velocity  and  hence  must  be  fired  at  a  greater  standoff  from  the 
target  than  either  the  continuous-rod  or  shaped-charge  warheads.  Since  the 
guidance  system  minimizes  the  miss  distance  betvreen  the  interceptor  and  the 
target  rather  than  the  distance  between  the  submissiles  and  the  target,  it 

has  been  shown  (see  Section  IV, B,  Terminal  Encounter-Kinematics)  that  some 
combinations  of  approach  angle  and  altitude  exist  for  which  it  is  impossible 
to  achieve  a  collision  between  the  ring  of  submissiles  and  the  target.  Ihis 
is  a  result  of  aerodynamic  drag  causing  the  submissiles  to  lag  behind  the 
interceptor  as  it  passes  the  target.  An  increase  in  radial  ejectiox.  velocity 
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will  decrease  the  required  standoff  and  improve  this  situation.  However, 
a  complicated  fire-control  system  is  the  best  method  of  providing  accurate 
fuzing  for  such  a  submissile  warhead.  Assuming  that  such  a  fire-control 
system  is  not  feasible  for  the  IM-99(  )  interceptor,  the  use  of  an  ^ter na¬ 
tive  fuzing  system  will  degrade  the  kill  probabilities  for  the 
warhead  more  than  the  use  of  the  T-3010  fuzing  system 

probabilities  for  the  continuous-rod  and  shaped-charge  warheads.  Ther el  ore, 
it  is  the  conclusion  that,  for  realistic  fuzing  systems,  the  continuous-roa 
warhead  will  have  the  highest  kill  probability  at  guidance  errors  greater 
than  50  ft,  followed  in  turn  by  the  shaped-charge  and  T-UU-tpe  cluster 
warheads.  At  guidance  errors  of  less  than  50  ft,  the  warheads  ap¬ 

proximately  equal  in  lethality,  with  the  shaped  charge  showing  a  slight 

advantage, 

3.  Reliability  of  Damage  Achievement 

a.  The  clean,  effective  cut  of  structure  provided  by 
the  continuous  rod  is  a  sure  method  of  accomplishing  the 

damage  required  by  the  provisions  of  this  study  to  , 

effectiveness  has  been  demonstrated  by  tests  at  NMIMT  with  both  l/U-  ^d 
3/l6-in.  square  rods.  The  rod  cuts  through  skin  and  structure  to  achieve 
its  kill,  and  it  therefore  is  not  dependent  on  target  size  or  configuration. 

b.  A  shaped  charge  of  the  proper  size  and  design  can 
produce  a  spectacular  and  certain  K-kill.  However,  the  diameter  and  design 
of  the  shaped  charge  required  to  achieve  this  damage  appears  to  be  a  fac¬ 
tion  of  target  size  and  design.  For  example,  tests  show  that  an  c-in.  la 
shaped  charge  is  required  to  produce  the  same  level  oi  damage  on  a  B-29 
which  can  be  produced  by  a  6-in.-dia  charge  on  smaller  targets. 

c.  The  uncertainties  associated  with  the  evaluation 
of  the  T-Uii-type  suWssile  can  best  be  shown  by  citing  the  range  of  sur¬ 
face-blast  degradation  factors  {1.5  to  5.0)  required  to  accomodate  the 
differences  of  professional  opinion  regarding  this  device.  In  addition, 

the  evaluation  of  such  a  submissile  always  requires  the  use  of  a  vulnerable- 
area  concept  which  is  dependent  on  the  target  size,  structure,  ^d  con¬ 
figuration.  It  is,  therefore,  more  difficult  to  predict  the  effectiveness 
of  this  device  against  possible  future  targets. 

1^.  Reliability  of  Warhead  Functioning 

a.  The  continuous-rod  warhead  as  proposed  in  this 
study  can  be  assumed  to  function  more  reliably  than  any  of 
considered  for  the  simple  reason  that  it  requires  only  one  f 

nrimarv  missile),  one  S-and-A  device,  and  only  one  detonator.  The  most 
iraoortant  uncertainty  for  the  continuous-rod  warhead  lies  in  the  possible 

of  rod  sections.  Experience  at  mm  indicates  that 
this  problem  can  be  solved  by  a  proper  development  program  for  the  warhead. 
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Such  a  program  should  include  the  development  of  an  adequate 
inspectLn  of  production  weldments,  as  well  as  the  development  of  an  expl 
sive-wave  guide,  tailored  to  the  particular  warhead  design. 

b.  The  multiple-jet  shaped-charge  warhead  is  somewhat 
less  certain  in  its  functioning,  since  a  detonator  or  Primacord  lead  must 
be  provided  for  each  n-ojector.  In  addition,  a  ^ep-ee  of  simltaneity 
of  function  of  each  of  the  several  detonators  or  leads  is  required  for 
successful  performance  of  this  warhead, 

c  The  T-Iiii-type  cluster  warhead  has  the  greatest  number 
of  components  potentially  capable  of  malfunctioning.  In  addition  to  the 
nrimary  missile  fuze,  each  submissile  is  provided  with  a  separate  ejection 
charge^  including  a  primer  and  propellant  charge  and  a  separate  omnidirec¬ 
tional  fuze.  Occasional  malfunctions  are  known  to  exist  ^d 

propellant  charges.  Although  a  successful  omnidirectional 
^veloped,  it  is  sufficiently  complicated  to  warrant  assessing  a  ]^er 
reliability  factor  for  it  than  for  a  conventional  unidirectional  ^ze. 

It  be  noted  that  the  fallnre  of  a  single  ^h^ssale  does 

not  appreciably  degrade  the  performance  of  the  entire  warhead, 

5,  Problems  Associated  with  Development  and  Production 

a.  The  development  of  a  successful  continuous-rod  ^ 
warhead  for  the  01-99 (  )  requires  a  program  of  some  magnitude,  to  determine 
the  proper  configuration  of  explosive  and  wave  guides,  to  determine  su 
dfsiS  SramS  Is  Optimum  C?M.  L/D,  etc.,  and  to  develop  a  reliable 
inspection  method  and  nondestructive  test  procedure  for  promotion  ro 
weldLnts.  Once  this  development  has  been  accomplished, 
wntinuous-rod  warhead  should  present  no  unusual  problems.  The  ^Pej^jls 
I^nloved  are  inexpensive  and  readily  available,  and  production  should  be 
raS7a^  economiSl.  It  should  be  noted  that  fewer  machining  operations 
IrelnvSlvirin^Ibricating  this  warhead  than  either  of  the  others  con¬ 
sidered  here. 

b.  Based  on  available  skill  and  background  infor^tion, 
it  is  believed  that ’less  development  time  would  be  required  to 

ihe  optlL  design  parsmstors  for  a  muUl-Jet  shaped-olygo  -rarhaad 
would  be  required  for  the  continuous  rod.  However,  production  is  li  y 

sK^S  and  more  expansive,  due  to  the  precision  required  for  components 

comprising  the  detonation  system. 

c .  It  can  be  assumed  for  the  T-UU-type  cluster  warhead 
that  the  experience ’of  Aircraft  Armaments,  Inc.,  can  be  utilized.  Since  the 

as  presently  developed  should  be  somewhat  Insensitive  to 
minor  changes  in  the  IM-99  design  and  performance,  the  remaining  developmen 
SoSeS^orsich  a  warhek  for  the  IM-99(  )  should  hs  negligible  However, 
l^e  nLfcer  of  individual  components,  the  submissile  fuse,  sjecter 
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tubes,  submissile  cases,  etc.,  which  require  detailed  workmanship  are  such 
that  this  vrarhead  is  considered  to  pose  the  most  difficult  production 
problem  of  the  tliree  advanced  warhead  types  considered  here, 

B.  PRIMARY  RECOMI'lENDATIONS 

1,  1^-99 (  )  Armament  System 

A  continuous-rod  warhead  is  recommended  as  optimum  for  the 
IM-99(  )  interceptor  in  view  of  the  foregoing  considerations. 

a.  The  primary  recommended  warhead  design  is  shown  in 
Figures  7  and  6.  The  total  weight  is  593  lb,  including  a  60-lb  provision 
for  support  rings,  duct  cutters,  and  safety  and  arming  device.  The  overall 
length  of  the  required  warhead  compartment  is  30  in.  between  clear  bulk¬ 
head  mold  lines.  The  maximum  diameter  of  the  warhead  assembly  is  2^  in. 

The  welded  rod  elements  are  l/h- in. -square  mild  steel  bar.  On  firing,  the 
expected  diameter  of  the  hoop  at  the  start  of  hinge  separation  is  3U5 
After  hinge  breakup,  the  expanding  rod  segments  will  be  approximately  8  to 
12  ft  long,  and  will  lose  lethality  slowly  only  as  a  result  of  gapping. 

The  l/h- in .-square  steel  rod  is  recommended  as  a  conservative  size  for  the 
attack  of  the  toughest  targets.  The  warhead  contains  2l3  lb  of  Composi¬ 
tion  B  and  328  lb  of  steel  in  the  rod  ring.  K  explosive  optical  design 
techniques  are  used  in  the  charge  design,  the  initial  radial  velocity  of 
rod  projection  may  be  expected  to  exceed  5000  ft/sec.  The  cavity  of  tte 
warhead  may  be  expected  to  yield  a  significant  K-kill  ’’bonus"  through  its 
directional  blast  action  in  disintegrating  the  Bomarc  interceptor. 

b.  The  safety- and- arming  device  employed  with  the 
recommended  v/arhead  is  centrally  located  in  the  charge  cavity.  It  can  be 
inserted  or  removed  through  an  access  door  in  the  forward  support  bulkhead. 
The  device  presently  planned  for  use  with  the  T-33  warhead  can  be  used 
mth  a  new  booster,  or  a  revised  and  simpler  device  may  be  developed. 

c.  The  primary  recommended  fuze  for  the  IM-99^  )  arma¬ 
ment  system  is  the  T-3010  fuze  with  the  radar  cone  angle  set  at  6U  with 
respect  to  the  interceptor  longitudinal  center  line,  assuming  a  5000-ft/sec 
initial  rod  velocity  and  a  250(^ft/sec  interceptor  velocity.  The  computer 
circuit  used  vrith  this  fuze  to  determine  a  variable  time  delay  also  will 
require  modification  to  match  the  continuous-rod  ballistics  and  target ^ 
intercept  relationships.  It  is  recommended  that  the  development  of  this 
modified  delay  computer  include  consideration  of  rough  input  data  on  inter¬ 
ceptor  altitude  and  true  air  speed  in  addition  to  an  extrapolated  range 
closure  rate  if  improved  target  hit  probability  can  be  obtained,  especially 
under  conditions  of  peripheral  attack.  It  is  possible  that  approximate  data 
on  the  target  speed  bracket  might  be  advantageously  preset  into  this  computer 
at  launching  or  in  flirht  bv  the  selection  of  a  particular  target  speed  band, 
such  as  high,  intermediate,  or  low.  The  scope  of  the  present  study  does  not 
permit  accomplishment  of  the  detailed  studies  necessary  to  make  specific  con¬ 
clusions  and  recommendations  in  this  regard. 
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d.  Installation  of  this  primary  recommended  warhead  in 
the  advanced  Bomarc  may  be  accomplished  in  several  ways.  It  is  essential, 
however,  that  the  warhead  be  a  single  assembly,  since  otherwise  the  function¬ 
ing  of  the  explosive  may  be  seriously  degraded.  It  is  not  expected  that  any 
interceptor  skin  need  be  removed  or  "peeled"  prior  to  initiation  of  the  main 
warhead  charge.  It  will  probably  be  necessary  to  explosively  remove  an 
external  fuselage  duct  with  its  concentration  of  wiring  and  plumbing.  If 
skin  removal  or  duct  removal  proves  necessary  on  the  first  firing  trials, 
the  mechanisms  and  techniques  which  have  already  been  successfully  demon¬ 
strated  with  developmental  T-liU  warheads  may  be  directly  adopted.  The 
installations  which  are  feasible  are  as  follows: 

(l)  Four-  or  six-bolt  separation  of  the  fuselage 
nose  so  that  it  can  be  pulled  forward.  In  this  installation  the  warhead 
could  be  mounted  either 


(a)  With  the  explosive  web  aft  and  with  the 
main  support  from  the  forward  face  of  a  flat  fuel-tank  bulkhead,  or 

(b)  With  the  explosive  web  forward  and  with 
the  main  support  from  the  sides  of  a  deep-drawn  fuel-tank  bulkhead  projecting 
inside  the  charge  cavity, 

(2)  Provision  of  a  stress-skin  access  panel  from 
one  side  or  the  bottom  of  the  fuselage,  so  that  the  warhead  assembly  could 
slide  or  be  hoisted  into  position  for  clamping. 

The  second  installation  listed  under  (1)  above  provides  virtually  no 
interchangeability  for  other  warhead  types  and  is  hence  not  recommended 
despite  obvious  advantages  in  achieving  a  compact,  lightweight  airframe. 


2.  IM-99A  Ai’mament  System 

a.  The  armament  system  for  the  IM-99A  Bomarc  is  limited 
arbitrarily  to  fit  the  maximum  available  length  and  weight  provisions  which 
can  be  tolerated  in  the  latest  version  of  the  present  airframes.  All  elements 
of  the  primary  recornraended  armament  system  for  this  interim  or  tactical  Bomarc 
are  the  same  as  those  for  the  DI-99(  )  advanced  Bomarc  except  that  the 
warhead  is  considerably  smaller. 


b.  The  IM-99A  warhead  assembly,  based  on  the  continuous- 
od  warhead  concept,  is  shown  in  outline  in  Figure  8.  Design  details  are 
Imilar  to  those  shown  in  Figure  6.  This  warhead  can  be  installea  in  a 
ompartraent  which  has  a  l7-in.  clearance  between  clear  bulkhead  mold  lines. 

'he  maximum  diameter  of  the  recommended  design  is  30  in.  The  smaller 
l/l6-in.- square  mild  steel  rods  are  employed  to  attain  a  conservatively 
istiraated  maximum  hoop  diameter  of  187  ft  prior  to  hinge  breakup.  This 
iiameter  will  probably  increase  to  280  ft  if  the  latest  performance  data 
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(from  NMIMT)  on  hinging  efficiency  can  be  duplicated  in  this  lew  length-to- 
diameter  ratio.  The  warhead  contains  63  lb  of  Composition  B  and  lo9  lb 
of  steel  in  the  rod  ring.  Despite  the  considerably  smaller  charge-to~raetal 
ratio  of  this  warhead,  the  expected  initial  radial  velocity  of  the  rod  is 
about  5000  ft/sec,  in  accordance  with  NMIMT  estimates, 

C.  SECONDARY  RECCMMENDATIONS 

1,  It  is  reconmended  that  an  advanced,  multiple-jet,  shaped- 
charge  warhead  be  developed  and  tested  in  a  parallel,  secondary  program 

to  the  point  where  production  tooling  would  be  the  next  step, 

2,  In  the  IM-99(  )  armament  system,  the  multiple-jet  wartead 

has  30  radially  spaced  charges  with  8-in.-dia  liners,  '^e  assembly  is  30  in, 
long  and  approximately  30  in,  in  diameter,  as  shown  in  figure  1  ,  ®  ® 

tailed  design  of  one  of  the  charges  is  shown  in  Figure  I8.  The  accessories 
for  and  installation  of  this  warhead  are  similar  to  those  for  the  continuous- 
rod  warhead  design  shown  in  Figure  6,  The  T-3010  fuze  can  be  used  with  this 
warhead.  The  cone  angle,  however,  should  be  increased  to  80  to  83  since  the 
mean  jet  velocity  varies  from  10,000  to  20,000  ft/sec.  The  variable-delay- 
time  computing  circuit  will  also  require  minor  modifications  to  account  for 
the  high  jet  velocity, 

3,  The  alternative  IM-99A  armament  system  is  a  I6- jet  ver¬ 
sion  of  the  multiple-jet  shaped-charge  warhead,  as  shown  Fi^e  ir.  This 
warhead  has  a  30-in.  dia  and  is  17  in.  long,  over  all.  The  indivi  u  1 
charge  is  the  same  as  that  for  the  larger  warhead  shown  in  Figure  18. 

D.  RECdlfflNDATIONS  FCE  EXTENDED  ¥(EK  ON  CONTINUOUS-ROD 

WARHEAD  DEVELOPMENT 

To  implement  the  primary  recommendations  of  this  feasibility 
design  study  with  an  orderly  development  of  continuous-rod  warheads  for  both 
the  IM-99A  and  Ii£-99(  )  missiles,  the  following  developmental  program  is 
suggested.  This  recommended  program  entails  two  broad  Phases  arrange 
chronologically  to  initially  develop  a  system  (both  warhead  and  fuze)  f 
the  IM-99A  on  a  high-priority  basis,  followed  by  the  development  of 

warhead  for  the  M-99(  ).  The  first  phase  ' 

both  in  time  and  in  manpower,  to  simultaneously  develop  the  300-lb,  3/1  1  . 
square-rod  warhead,  and  to  make  studies  of  the  associated  fuzing  requiremen  s 
and  computer  design  to  assure  "optimum”  performance  under  all  conditions 
intercept  and  environment.  It  is  estimated  that  the  development  of  the 
warhead  proper,  including  the  delivery  of  a  small  number  of  prototype  test 
units,  can  be  accomplished  within  9  months,  and  that  the  fuze  studies  sh  ul 
require  the  same  time.  Since  most  of  the  warhead  design  problems  should  be 
resolved  in  the  first  phase,  and  the  fuzing  work  should  be  equally  adaptable 
to  both  warheads,  it  is  estimated  that  the  second  phase,  the  development  of 
the  600-lb  IM-99(  )  continuous-rod  warhead,  could  be  accomplished  in  an 
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additional  6  months,  subsequent  to  the  initial  development  of  the  smaller  ^ 
warhead  under  Phase  I.  These  time  schedules  are  dependent  upon  close  J®chni- 
cal  coordination  with  the  research  group  at  NMIMT,  and  assume  further  that 
the  development  grou'.  will  be  working  directly  with  the  prime  contractor 
and  cognizant  Government  agencies.  A  bar  chart  of  the  target  schedule  xs 
shown  in  Figure  66,  indicating  the  suggested  phasing  of  the  work  recommended 

1.  Phase  I  -  Design  and  Develoment  of  the  300-lb  Con- 
rinuous-Rod  Warhead  for  the  IM-99A.  and  Associated 
Fuzing  Studies 

a  Part  A  -  Warhead  Development 


Based  on  (1)  the  initial  suggested  configuration 
discussed  elsewhere  in  this  report,  (2)  the  current  status 
NMIMT,  and  (3)  the  technological  status  achieved  by  the  Resent  rod  fabri¬ 
cator  (the  G,  W.  Galloway  Company  of  Arcadia,  California),  a  new 
a  300-lb-warhead  test  configuration  should  be  prepared.  Test  wartea  s 
(120°  sectors  of  the  full  cylinder)  consisting  of  lengths  of  3/8-in.  square 
bars  welded  to  simple  end  rings  and  otherwise  conforming  to  the  Pr°P°f ° 
dimensions  and  annular  configuration  of  the  ©venial  warhead  should  be  fa  i- 
csted,  loaded,  and  tested.  The  3/8-in.-square-rod  test  sections  should  be 
examined  and  checked  by  instruments  for  bending,  scabbing,  and  other  a  ve  s 
effectsj  necessary  modifications  of  design  should  be  made,  if  warranted. 
Following  these  preliminary  tests,  test  models  using  welded  pairs  of  3/16~in. 
square  rods  should  be  fixed  and  subiected  to  similar  examnation.  It  ^ 
during  these  preliminary  tests  that  such  factors  as  the  influence  of  C/M, 

L/D,  the  explLive  disposition,  shape  of  wave  guides,  and  the  like  should  be 
resolved.  The  construction  of  full  cylinders  using  the  continuous-rod  nest 
should  be  undertaken  next,  and  firings  should  be  conducted  against  ^^i^ness 
screens  and  target  plates  to  determine  functioning  characteristics  such  as 
velocity,  percentage  of  full  diameter  achieved  before  brea^p,  P°^” 
formance  when  fired  mthin  a  mockup  warhead  compartment, 

successful  testing  of  at  least  five  complete  warheads,  a  lot  of  20  prototype 
warhead  assemblies  should  be  fabricated  for  delivery  to  the  contracting 
agency  or  the  missile  contractor  for  their  use.  The  time  require 
aLomplish  these  steps  in  the  program  may  be  shortened  appreciably  if  e  rly 
success  is  encountered,  which  has  sometimes  been  the  case 
exoerierce  Conversely,  if  unusual  problems  appear,  as  was  the  case  in  the 
development,  it  is  conceivable  that  a  longer  effort  may  be  required, 
although  the  inherent  simplicity  of  the  proposed  IM-99  continuous-rod 
designs  indicates  that  this  probably  vrould  not  be  the  case. 

b.  Part  B  -  Fuzing  Studies 


fuze  studies  should  be 
"breadboard’’  ano  model 


Concurrently  with  the  IM-99A  warhead  development, 
undertaken  along  two  lines,  one  to  consist  of 
studies  to  modify  existing  radar  fuzing  to  make  it 
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compatible  with  the  continuous-rod  warhead,  and  the  other  to  investigate 
the  feasibility  of  developing  an  infrared  fuze  for  the  same  purpose.  The 
two  lines  of  effort  are  suggested  as  desirable,  since  the  former  development 
should  result  in  a  quick  solution  suitable  for  interim  application,  while 
the  latter  could  result  in  an  advanced  fuzing  system  optimized  for  the 
continuous-rod  warhead. 

The  present  T-3010  fuzing  system  should  be  examined 
with  respect  to  the  fuze-delay  computations  and  settings  and  the  required 
modifications  of  the  computing  circuit  to  provide  for  the  alternative 
variable  delay  necessary  to  compensate  for  the  variation  in  angle  of  pro- 
lection  of  the  rod  hoop  under  the  various  conditions  of  environment  (velocity 
and  altitude)  and  intercept.  Essentially,  this  would  consist  of  incorpora¬ 
ting  instantaneous  missile-velocity  and  altitude  data  into  the  compter- 
circuit  input  if  available  and  desirable,  and  suitably  converting  tMs  in¬ 
formation  into  the  variable  time  delay.  For  example,  at  low  altitudp,  the 
velocity  of  the  IM-99(  )  will  be  considerably  less  than  at  higher  altitudes, 
and  assuming  that  the  BI-99(  )  velocity  is  1000  ft/sec  and  the  pdial 
projection  velocity  of  the  rod  hoop  is  9000  ft/sec,  the  angle  of  departure 
will  be  78.9^  with  respect  to  the  missile  longitudinal  axis.  At  high 
altitude,  where  the  IM-99(  )  can  achieve  2900  ft/sec,  the  s^e  rod  would 
depart  at  an  angle  of  only  6li°.  It  can  readily  be  seen  that  a  fixed-cop 
fuze  with  a  variable  delay  based  only  on  extrapolated,  range  pospe  rpes 
can  conceivably  result  in  a  miss  of  the  target  if  the  angle  of  rod  PpJe^pn 
is  not  taken  into  consideration.  Therefore,  to  insure  opimum  performpee 
under  peripheral  conditions  of  attack,  it  is  proposed  that  a_  brpdbprd 
and  optical  model  laboratory  investigation  be  undertaken  dping  tp  Phase  I 
warhead  development  to  determine  the  desirability  and  practicability  of 
modifying  the  T-3010  radar  fuze  as  ciiscussed  above. 

It  is  recommended  that  in  addition  to  this  study 
a  similar  "breadboard"  and  model  feasibility  study  be  conducted  to  eyalpte 
infrared  fuzing  for  this  role.  Since  infrared  fuzing  is  less  suscepUble  to 
countermeasures  and  is  capable  of  detecting  either  hot  bodies  or  eptrast^g 
heat  areas,  a  more  refined  fuzing,  with  respect  to  closure  rate  and  specific 
target  reference,  is  obtainable.  With  an  infrared  fuze  missile  speed  pd 
altitude  input  data  could  be  used  to  alter  the  cone  or  "look_  angle,  and 
the  closure  rate  and/or  missile  speed  data  could  set  the  ypia^l® 

This  part  of  the  fuze  study  should  be  conducted  concurrently  with  the  TpOlO 
modification  study,  so  that  developmental  effort  beyond  these  two  investi¬ 
gations  could  be  confined  to  the  more  promising  system, 

2 .  Phase  II  -  Design  and  Devpopment  of  600-lb  Continuous- 

Rod  Warhead  for  the  IM-99(  ) 

Following  the  development  of  the  300-lb  warhead  under 
Phase  T,  an  additional  6-month  effort  for  the  development  of  pe  larger 
600-lb  version,  using  lA-in.  square  rods,  is  proposed.  Two  factors  make 


Page  32 


Report  No,  991 


V  Smnmary  and  Recoiiinisndations,  D  (cent.) 


this  warhead  development  practicable  within  the  shorter  development  period: 
(a)  The  longer  warhead  is  apparently  more  suitable  for  rapid  transition  o 
developmental  hardware  because  of  a  more  satisfactory  L/D  ratio,  the  use 
of  l/h-in.  square  rods,  etc.  (b)  The  data  available  from  Phase  I  should  be 
adaptable,  at  least  in  part,  to  this  development.  It  is  expected  that 
sinele-bar  and  welded-pair  firings  would  again  be  necessary  prior  to  tests 
with  full-scale  rod  designs,  although  indications  are  that  the  conversion 
can  be  comparatively  rapid  because  of  the  simplicity  of  the  design.  Phase  ii 
should  also  culminate  in  the  delivery  of  20  units  to  the  contracting  agency 
or  the  missile  contractor  after  qualification  and  applicable  MIL-STD  testing 
had  been  accomplished. 
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Jew  Mexico  Institute  of  Mining  and  Technology,  RDD  Report  5l7,  "Flash 
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«  Effective  area  of  submissile 
=  Drag  coefficient 

=  Distance  from  submissile  to  centroid  of  submissile  ring 

=  Force  (general) 

=  Acceleration  of  gravity 
=  Aerodynamic  coefficient 

=  A  constant  determined  by  the  selected  tracker  angular  rate 
=  Mass 

=  Probability  that  target  suffers  K-structural  damage,  given  a  hit 
=  Probability  that  warhead  functioning  results  in  a  K-kill  of  structure 
=  Probability  that  the  target  is  hit  at  least  once 
=  Range  to  target 
=  Range  rate 

=  Shortest  normal  distance  between  primary  missile  and  target 

=  Time,  or  tinie  interval 
=  Time  of  detonation  of  warhead 
=  Time  computer  stops  operating 
=  Time  interval  during  which  computer  operates 
=  Equivalent  tracking-loop  delay  time 
=  Velocity  (general) 

=  Closing  velocity  betv-reen  primary  missile  and  target 
=  Closing  velocity  between  submissile  and  target 
=  Primary  missile  velocity 
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SYMBOLS  (cont,) 


=  Subinissile  projection  velocity  normal  to  primary  missile  axis 
=  Absolute  submissile  velocity 

=  Instantaneous  velocity  of  submissile  at  time,  t,  after  firing 
=*  Target  velocity 

-  Velocity  of  target  noraal  to  flight  line  of  primary  missile 
=  Velocity  of  target  parallel  to  flight  lire  of  primary  missile 

=  Weight  of  submissile 
=  Distance  traveled  in  time*  t 

=  Distance  from  centroid  of  suhnissile  ring  to  target  in  plane  of  ring 
=  Altitude  above  sea  level  (standard  atmosphere) 


Angle  of  attack  of  primary  missile 
Angles  used  as  mathematical  operators 


=  Angle  of  approach 

=  The  angle  betvieen  any  selected  radial  line  emanating  from  a 

target^and  the  line  of  minimum  distance  between  the  missile  flig 

path  and  the  target 

=  Angle  between  flight  path  of  siibmissiles  and  track  of  prhnary 
missile 

=  Velocity  of  light 
=  Air  density 

=  Standard  deviation  of  guidance  error  normal  to  trajectory  at  noint 
of  nearest  approach 

=  Fuzing  time  tolerance 

=  Fuzing  delay  time 
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SBBOLS  (cont,) 


=  Sight-line  angle  relative  to  flight  line  of  primry  missile 

=  Rate  of  change  of  sight-line  angle 
=  Sight-line  angle  measured  by  tracker 

.  Angle  between  prtaary  missUe  flight  line  aM  line  directly  to 
target  at  t^  which  vdll  assure  the  submissiles  striking  the  target 
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TABLE  III 

M/LXIMUM  ATTAINABLE  KILL  PROBABILITY,  (Tq  =  kO  FT,  NO  SLOffiOilN,  PERFECT  FUZING 

Type  37  Target 


60,000  ft 


30,000  ft 


A  =  h5°  A  =  135° 

E  =  h5°  S  =  h5° 

A  =  hi° 

E  - 

A  =  339° 
E  =  h5° 

T-liU  Design 
iS  Factor 

5,0  Factor 

,930  .926 

,8l5  .780 

.960 

,888 

.999 

.890 

Crossfire  2,00-in, 
,557  lb  HBX 

,855  .838 

.925 

.910 

B-k7  Target 

60,000  ft* 

A  =  0  A  =  30° 

E  =  30°  E  =  h5° 

30, 

,000  ft 

A  =  0  ^ 

E  =  30 

A  =  30° 

E  -  U9° 

T-J4U  Design 

1,5  Factor 

5.0  Factor 

,780  .8^2 

,765  .8ii6 

,800 

.769 

,882 

.888 

Crossfire  2,00-in, 

.820  .890 

.820 

.899 

Average  determined  by  using  0.6^  of  TNT  equivalent  for  30,000  ft. 
This  assumption  matches  Type  37  data. 
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TABLE  TV 


MAXIMUM 


ATTAINABLE  HLL  PROBABinTY,  cT.  *  60  FT,  NO  SIOTOOM,  PERi^ECT  FUZING 


?- 

Tvoe  37  Target 

i* 

60,000  ft 

30,000  ft 

i'l 

1 

A  =  ii5°  A  =  135° 

s  =  Ii5°  E  = 

a  =  1i5^ 

F  =  ii5 

A  ■  135' 
E  ■  hS' 

T* 

i 

T-i;ij.  Design 

1,5  Factor 

5 .0  Factor 

,810  .792 

,622  .580 

.875 

.730 

,870 

.672 

,f 

1. 

T' 

Crossfire  2,00-in, 
,557  lb  HBX 

,678  .660 

.792 

.770 

r 

B-Ii7  Target 

F 

60.0u0  ft 

30,000  ft 

r 

i 

1 

A  =  0  A  =  30° 

E  =  30°  E  =  h5® 

A  =  0  ^ 

E  =  30 

A  '  30' 
E  =  hS 

r 

T-l|l|  Design 

1,5  Factor 

5,0  Factor 

,580  .679 

.567  .670 

,605 

.567 

.720 

.670 

r 

Crossfire  2,00-in. 

.633  .735 

.633 

"Average  detennined  by  using  0.65  of  TNT  equivalent  for  30,000  ft.  This 
assumption  matches  Type  37  data. 
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TABLE  V 

MAXniUM  ATTAINABLE  KILL  PROBABILITY,  =  80  FT,  NO  SIDWDWN,  PERFECT  FUZING 


Type  37  Target 


T4j1|  Design 
1,5  Factor 
5.0  Factor 

Crossfire  2,00-in. 


T-Uli  Design 
1,5  Factor 
5,0  Factor 

Crossfire  2.00-in. 


60,000  ft 


=  U5° 

A  =  335° 

=  ii5° 

E  =  it5° 

.670 

.652 

.!t85 

M? 

.538 

.513 

B4i7  Target^' 

60,000  ft 

"  0  « 

A  =  30° 

-3C° 

E  =  U5° 

.535 

.ii30 

.527 

M93 

.596 

30,000  ft 


A  =  U5° 

A  =  135 

E*  U5° 

E  =  15 

.750 

.7li5 

.590 

.530 

.655 

.630 

30,000  ft 

A  =  0 

A  =  30° 

E  »  30° 

E  =  15° 

.1^65 

.580 

.130 

.528 

Jm 

.598 

^Average  determined  by  using  0.65  of  TNT  equivalent  for  30,000  ft. 
This  assumption  matched  Type  37  data. 


Table  V 


MAXIMUM  ATTAINABLE  PROBABILITY  CF  HITTING  THE  TARGET  PRESENTED  AREA 
AMD  THE  EXPECTED  NUMBER  CF  HITS  THEREON 
FOR  GENERALIZED  CLUSTER  WARHEADS,  ASSUMING  NO  SLONDOWN  AND  PERFECT  FUZING 
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600  FbuND  CoNTtMuou^Roo  Warhead 


LEN^Tt4  "L”  30  lUCHEZ 

D/AM£m”D"  es  tNCf/ES 

C(7.  LocArtoti'K" (Esr)  M  Inchez 
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300  Found  Cont/nuou^  Rod  WAf^DAD 

(0-AJsr*j"L  '  n  ItJCHEZ  iHlOf^^nCAL  PEKFORMAHCe 

DwMfW-D'  SO  Incurs  a^.  J/|  Ft- 

CA-t.ocAr,OH--%‘(£sT'.  ailucnm^  Sxp^cted  Hoo^DiaI  200  rz 
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